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Rapid change characterises more and more the activities of ISIS. For 1999 this has been driven by new objectives in the Fifth Framework programme, by the ever stronger focus on our policy customer requirements, and by the speed with which the European Commission must react to the impact of new technoLogies. 
The clear trend goes towards the information content. Dependability of information sys-
tems, web technologies, official statistics and technologies for combating fraud are our 
major growth areas. But also the more consolidated areas of research are following. 
Examples are remote surveillance in nuclear safeguards, exchange of information to combat 
industrial and natural hazards, communication technologies for environmental manage-
ment, and computational methods applied to structural safety. The competitive approach 
has opened projects for the emergency response centre for industrial risk management in 
Italy, a study of seals for nuclear fuel assemblies in Japan, regional development in North 
Sweden, and the surveillance of fishing vessels in the North Atlantic. In addition, the 
Institute is negotiating 32 new shared-cost action projects during the first year of FP5. 
Two elements which enable the rapid change are (1) the Institute's systems thinking ap-
proach and (2) the flexibility of our staff. ISIS researchers not only do research; they man-
age their projects, care about their customers, write project reports, adapt their skills to 
new challenges, arrange scientific collaborations, and scout out the short term staff needed 
to fill immediate skill requirements. 
This year's report gives some emphasis to the Institute's "exploratory research". A number 
of projects are presented which started as exploratory projects a few years ago and which 
are now part of the Institute's remit. The exploratory research is one of the successful man-
agement tools used to prepare the Institute for tomorrow's problems. ISIS invests 6% of its 
Institutional budget. The ISIS Scientific Committee selects the projects on the basis of 
their scientific value, strategic impact, feasibility and cost. 
ISIS has contributed, during 1999, to make the European Commission technically compe-
tent for meeting its changing policy challenges. We are ready for the new issues to come. 
D.R. Wilkinson 
Director 
Institute for Systems, Informatics and Safety 
The Institute for Systems, Informatics and Safety is one of the eight institutes that 
constitute the European Union (EU) Joint Research Centre (JRC). The Institute's 
350 staff, visiting scientists and students are based at Ispra, in the north of Italy. 
The mission of the JRC is to provide customer-driven scientific and technical support 
for the conception, development, implementation and monitoring of EU policies. 
As a service of the European Commission, the JRC functions as a reference centre 
of science and technology for the Union. Close to the policy-making process, it serves 
the common interest of the Member States, while being independent of special in-
terests, whether private or national. 
ISIS supports EU policies with systems oriented research in areas where safety and 
security are of concern. Its prime objectives are to develop techniques for the as-
sessment of risk in complex systems and to apply information, communication and 
engineering technologies for improving their reliability, safety and security. 
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The Role of ISIS 
ISIS's technology base makes it ideally suited 
for supporting Commission policies related to 
the general theme of enhancing safety and se-
curity of the individual citizen and of society 
as a whole. 
The expertise base from which this support is 
drawn is maintained by the participation in 
underpinning research, which is increasingly 
based on networks and joint projects together 
with European industry, universities and na-
tional research organisations. This research can 
be classified into a number of main themes: 
• security and reliability in the information 
society 
• safety of building structures and means 
of transport and the protection of cultural 
heritage 
• safeguarding against the proliferation 
of nuclear materials 
• safety aspects of nuclear energy 
• fight against fraud 
• risk management and decision support. 
The Application of Technology for the Protection 
of the Citizen and Society 
Describing how ISIS's work programme is supporting EU policy and how the 
emphasis of the work is changing to reflect an evolving Europe 
Security and reliability in the 
information society 
ISIS supports the Commission's information so-
ciety and electronic commerce initiatives focus-
ing on aspects of security and reliability. By 
qualifying, testing and benchmarking embed-
ded systems and trust technologies, ISIS is 
helping to provide the solid foundation of con-
sumer confidence that is essential if the market 
in services such as cross-border electronic com-
merce is to flourish. Applications include im-
proving access to official statistics, helping the 
exchange of educational information, validating 
medical imaging and data systems, and sup-
porting the Commission's campaign against 
anti-personnel landmines. 
Safety of building structures and 
means of transport and the protection 
of cultural heritage 
European efforts to harmonise safety standards 
aim not only at lowering the risk of accidental 
death and injury but also at removing artificial 
barriers to trade. 
Despite the best efforts of geologists, earth-
quakes remain unpredictable. Therefore the 
most effective way to protect the public from 
earthquakes is to ensure that buildings, roads, 
bridges and other infrastructure are built to 
withstand seismic shocks. The set of standards 
necessary to achieve this protection are speci-
fied in Eurocode 8. 
ELSA, a unique reaction wall facility in Europe, 
is the hub of a concerted European network of 
laboratories and facilities that provide the nec-
essary background research for the formulation 
and assessment of Eurocode 8. Joint projects 
with industrial partners assess the seismic re-
sistance of new construction techniques and 
the ability of retrofitting techniques to protect 
existing buildings. Special emphasis is given to 
the protection of buildings of architectural or 
historical importance where ISIS also uses opti-
cal analysis techniques for assessing damage. 
For car safety there are a number of evolving 
European standards for crash behaviour whose 
formulation provokes scientific debate among 
consumer groups and manufacturers. The large 
dynamic test facility (LDTF) helps the automo-
tive industry understand how to meet present 
and future crash impact legislation with partic-
ular emphasis in developing techniques for re-
ducing the weight of vehicles. 
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Safeguarding against the proliferaton 
of nuclear materials 
The EURATOM Treaty of 1957 gives responsibili-
ty to the European Commission to satisfy itself 
that fissile materials, within the EL), are not 
diverted from their intended use. These re-
sponsibilities were extended when collabora-
tion agreements with IAEA were signed in 
1977 and further challenges are expected in 
the future from the entry into Safeguards of 
material released from excess weapons and 
from the enlargement of the Union. 
ISIS provides direct support to both the Energy 
and Transport DG and to IAEA and also research-
es into techniques for meeting future require-
ments. The main areas of activity are in non-de-
structive assay, sealing techniques and remote 
surveillance. Based on experience of training in-
spectors at Ispra, a training centre at Obninsk in 
Russia has been set-up. New research has start-
ed to determine whether satellites can be used 
for remote detection of illicit activities, and to 
develop teleoperation techniques to allow sur-
veillance operations to be controlled from a dis-
tant safeguards office. 
Safety aspects of nuclear energy 
Each Member State is responsible for licensing 
its own nuclear reactors and attempts to har-
monise this procedure have, so far, been unsuc-
cessful. Nevertheless nuclear energy provides 
33% of Europe's electricity, the effects of se-
vere accidents are not confined to one Member 
State and the Commission's nuclear safety re-
search programme makes a major contribution 
to concentrating efforts in the Member States. 
The Commission has also promised that reactor 
safety will be an important consideration dur-
ing the enlargement process. 
ISIS's overall effort on reactor safety has been 
reduced sharply. The large experimental pro-
grammes STORM and FARO are closing. The 
study of severe accidents is continuing at a re-
duced level through the analysis of experiments 
elsewhere and the development of computa-
tional tools. 
The emphasis is now to provide a more direct 
assistance to Commission policy. Support to 
the Environment DG's efforts to harmonise 
safety standards is continuing at the same lev-
el but more effort is being devoted to integrat-
ing the applicant countries into the European 
nuclear safety culture and helping to manage 
the PHARE and TACIS assistance programmes. 
Thefi'ght against fraud 
Fraud, if left unchecked, can attack the roots 
of society by destroying confidence in institu-
tions and encouraging lawless behaviour. The 
Member States are legally responsible for en-
suring that the financial mechanisms of the 
Union are not defrauded but it can be politi-
cally difficult for them to do so. An overview 
at European level is sometimes necessary, es-
pecially in cases of cross-border fraud. 
Responding to a strong demand from those EU 
bodies, especially OLAF and DG Agriculture, 
ISIS has expanded its work in this area. The 
activities mainly involve information and com-
munication technology, statistical analysis and 
electronic tagging schemes for animal identifi-
cation. 
Risk assessment and decision support 
ISIS institutional work on risk assessment and 
decision support is based on two linked 
themes: firstly the development of harmonised 
European reporting systems for incidents so 
that risks can be compared, duplication avoid-
ed, lessons learnt, the public informed and 
mitigation measures found; and secondly the 
development of methods and tools for the in-
tegrated assessment of policy options. 
European incident reporting systems developed 
and managed by ISIS include the Major 
Accidents Hazards Bureau for the chemical in-
dustry, the European Coordination Centre for 
Aircraft mandatory Incident Reporting Systems 
and the Natural and Environmental Disaster 
Information Exchange System. 
The integrated assessment work concentrates 
on evaluating scenarios for the impact of poli-
cy options in sectors such as transport and 
agriculture, and developing communication 
tools that improve participation by the public 
in decision-making. 
These institutional projects are backed by prac-
tical expertise in risk assessment, decision 
support and emergency management gained 
through participation in a number of case 
studies both in support of regional authorities 
and as contributions to collaborative projects. 
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Security and Reliability in the 
Information Society 
editor: F. Sorel 
Following the European Commission Programme Activity "Creating a User Friendly Information Society", ISIS has focused its research in the area of "Benefiting from the Information Society", where emphasis is given to the customers' needs and benefits in the emerging Information Society. 
The ever-growing networking capabilities provided by Internet, and the convergence of 
communication and information technologies have led to enormous possibilities for the 
user but also to an increasing demand of confidence and security. 
ISIS has therefore defined and investigated such information and communication attributes 
as: dependability, trustworthiness, easy access and processing for important societal applica-
tions related to health, elderly and disabled persons, education and training and electronic 
commerce. Considering the commitment of the European Commission in electronic commerce, 
a cluster at JRC level grouping the projects of three institutes (ISIS, IPTS, IHCP) has been set 
up with success. 
Information Dependability 
author: M. Wilikens 
Figure 1.1: Trial 
infrastructure 
TRINIDAD for 
dependable 
(trustworthy) 
applications of 
different technologies. 
Smartcard 
Technology 
The Information Society, including electronic 
commerce, provides unprecedented economic and 
social opportunities for advancing the EU single 
market. To enable European citizens and busi-
nesses to fully exploit the manifold benefits of 
the Information Society and consistent with re-
cent EU policy developments, ISIS focused on en-
hancing consumer trust and confidence in cross-
border electronic commerce, on safeguarding pri-
vate information assets and on securing access 
to dependable information. DG Information 
Society remains our main customer but working 
relationships were also established with other in-
terested EC services including DG Enterprise, DG 
Consumer Protection and DG Internal Market. 
Trust requirements in 
electronic commerce 
author: M. Wilikens 
The TRUST-EC project characterised important 
trust requirements in electronic commerce by 
means of case studies in the area of information 
brokering from a number of domains including 
virtual hospitals [1.1]. As a follow-on, the 
TRUST-CSP project was launched at the end of 
1999. The TRUST-CSP project develops guidelines 
on how to evaluate the quality of electronic sig-
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nature services. This is important for consumers 
in order to trust these services and for the legis-
lator in order to legally accepts these signatures. 
TRUST-CSP is related to the EU Directive on a 
common framework for electronic signatures that 
has been approved by the Council of Ministers in 
December 1999 and will feed into the European 
standardisation process by means of ETSI. 
Out-of-Court Settlement 
systems 
author: M. Wilikens 
Whilst electronic commerce has many qualities 
that consumers find attractive, it also has prop-
erties that facilitate fraud and make prosecution 
difficult. For international business to consumer 
electronic commerce, characterised by a large 
voLume of relatively Low value transactions car-
ried out across borders, the relevance and effec-
tiveness of courts for resolving problems may be 
limited. Therefore, alternative dispute settlement 
mechanisms may in practice prove to be the most 
popular and appropriate solution. The issue is al-
so addressed by recent EU policy initiatives such 
as the draft directive on: "certain legal aspects 
of e-commerce" and the Prodi initiative on e-
Europe. ISIS explores concepts for on-line dis-
pute settlement systems that are workable at a 
Pan-European level and that focus on cross-bor-
der consumer disputes. Eventually, pilot demon-
strators will be set up to test the concepts. 
Testing trust solutions 
author: M. Wilikens 
TRINIDAD, the laboratory for testing and assess-
ing technological trust solutions was initiated. 
The concept was defined and the installation of 
the TRINIDAD basic hardware/software platform 
was completed. A number of demonstrators for 
secure electronic commerce (Figure 1.1) were de-
veloped on TRINIDAD using Java-based API's 
(J/CRYPTO from Baltimore) for security functions 
including hashing, symmetric/asymmetric key en-
cryption, digital signature. One demonstrator 
concerned a kiosk for the secure retrieval by pa-
tients of medical documents. 
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Citizen Privacy 
author: M. Wilikens 
Concerns about privacy arise from the undesired 
collection and (mis)use of personal data during 
Internet transactions. Mechanisms are required to 
empower a consumer in controlling the integrity 
and fair use of his personal data. The aim of our 
Privacy Enhancing Technologies (PET) project is 
evaluate, from the business perspective as well 
as from the consumer perspective, emerging pri-
vacy technologies (e.g. P3P standard from the 
W3C) and assess their conformity against the EU 
data protection Directive. 
Dependability of large-scale 
information infrastructures 
author: M. Wilikens 
Global collaboration on dependability of large-
scale information infrastructures was promoted in 
a workshop between EU and USA representatives. 
The workshop identified ways for closer R&D rela-
tionships [1.2]. An exploratory study was started 
with a number of critical infrastructure providers 
to look at vulnerabilities emanating from in-
creased complexity and interdependences of in-
formation infrastructures. 
Decision making through 
access to dependable 
information 
authors: J.-P. Nordvik, M. Atkinson 
The Noemie project developed a methodology and 
tools to reuse corporate knowledge of large indus-
trial companies, for improving the efficiency of 
the decision-making process across different de-
partments. Whilst the access of information for a 
particular department was traditionally available, 
Noemie addressed the wider scope of providing 
access to information across all departments. 
Together with conventional data base interroga-
tion mechanisms, the project has exploited and 
integrated two knowledge engineering technolo-
gies: Data Mining and Case Based Reasoning. 
ISIS developed a JAVA based Internet Client/ 
Server Application. I t allowed users to model 
their application domain. Then, they could logon 
to a Noemie Application and after characterising 
their problem, use previous interaction cases to 
propose possible solution methods, and then ac-
tivate and display results. 
The application of the methodology and customi-
sation of the NOEMIE Software has been made for 
two pilot applications in the oil industry. One of 
the pilot applications concerned the analysis of 
the reliability of bore hole sensors, where infor-
mation from operational as well as financial de-
partments was used. The other pilot application 
consisted of detecting loss of mud pressure dur-
ing drilling operations, again access across de-
partmental information bases was necessary. The 
result of the project is an application config-
urable system where the user is supported in 
solving problems by using others' experiences. 
Either by using general knowledge (in a users do-
main model or solution task hierarchy) to find 
solutions, or by using concrete experiences that 
already contain a solution method. 
References 
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Web Technologies 
Generic Information Server 
Toolkit (GIST) 
author: P. Henshaw 
The Internet is growing at a ferocious rate, and 
finding high-quality specific information is in-
creasingly difficult. Specialist web sites exist that 
have already categorised the Internet content and 
can therefore act as a quick source of high quality 
in-depth information, on specific subjects. Such 
sites are traditionally maintained by a "webmas-
ter" who decides what information they contain; 
the users are permitted only to view the informa-
tion. Unfortunately, such information is not al-
ways the most pertinent for the user. These sites 
also require high levels of maintenance and they 
become increasingly difficult to manage as they 
grow in size and content. GIST grew from the 
pressing need to provide specialist sites, without 
the need for full-time webmasters. Primarily, GIST 
recognises that web site users that are interested 
in specific areas can, in many instances, supply 
and maintain the most relevant information them-
selves. GIST aims to remove the technical issues 
associated with setting up an interactive web site. 
Information can be supplied, changed or removed 
over the Internet. By removing the technical bar-
riers associated with interactive sites, GIST allows 
many more people to make highly significant in-
formation available to a wider audience. ISIS has 
used GIST to build sixteen on line information 
servers for DG Environment, Research, Enterprise, 
Health and Consumer Protection, and the JRC. 
Some of these services are open to the public: 
http://qem.irc.it 
http://improving.jrc.it/ 
http://directorv.prometeus.org/ 
http://ettn.irc.it 
http://gold.bdp.it/ 
http://vlibrary.bdp.it/ 
Global Education Multimedia 
Improving Human Potential servers 
Prometeus Signatory Directory 
European Technology Transfer 
Global On-Line Documentation 
Virtual Library 
12 
A complete list of public information services built 
with GIST is maintained on the "screenshots" page 
of the GIST web site: http://gist.jrc.it/sites.gx. 
The GIST software, documentation and a tutorial 
web site are available for download from the GIST 
web site, the site has been accessed over 180000 
times from over 4000 sites since it was opened in 
July 1999, and over 1000 people have downloaded 
the software. Suggestions and contributions from 
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Figure 1.2: A selection of web sites built using GIST. 
external users have already resulted in a number of 
improvements to the software. We intend to contin-
ue collaborating with external users and encourag-
ing the use of GIST both inside and outside the JRC. 
ISIS Contacts: Clive Best, Paul Henshaw 
GIST team: gistOjrc.it 
Web site: http://gist.jrc.it 
Network Multimedia Education 
author: C. Best 
The potential expansion of Education and 
Training with new Information Society technolo-
gies is enormous. They provide new opportunities 
where traditional methods of learning are un-
available, either because of physical separation 
or time restrictions. They also enhance tradition-
al methods by providing new access to media for 
use in normal lessons and lectures. 
ISIS supports the Education and Training 
Programmes within DG Information Society and DG 
Education and Culture. A major contribution during 
1999 has been the setting up and development of 
the PROMETEUS (PROmoting Education & Training 
in European Society) electronic fora. PROMETEUS 
supports a memorandum of understanding involv-
ing over 800 signatories in some 500 organisations 
to work towards common electronic information 
tools and standards. PROMETEUS supports some 
12 special interest groups who collaborate elec-
tronically through mailing lists and SIG Web pages. 
This is all hosted at PROMETEUS web site 
http://prometeus.org, which was developed from 
scratch by ISIS and is hosted at the JRC. 
For new communication media on the Web for 
distance learning and collaboration, ISIS devel-
oped streaming video and audio conferencing 
synchronised to Web presentations. During the 
year a number of "hands-on" demonstrations 
have been made including a successful Open 
Distance Learning Workshop held in Ispra this 
October see http://prometeus.org/NME. 
The JRC meteo Web station http://meteo.jrc.it 
gives an example for new web techniques for ac-
cess and visualisation of scientific and geograph-
ic data for use in Education. Data is real-time. An 
example of virtual reality rendered from a satel-
lite image and digital elevation model of the 
Lago Maggiore are is shown in Figure 1.3. This is 
taken from an animated fly over of the area. 
ParlEuNet (European 
Parliament Network) 
author: A. Reggiori 
ment of hierarchical multimedia content. Capabil-
ities such as user identification and authentica-
tion, HTTP content caching, HTTP session han-
dling, code caching have been fundamental for the 
implementation of the production system. Most of 
these were implemented directly in the Web server 
using some extension modules or in the client Web 
browser and/or at the application level. 
Figure 1.3: A virtual 
image generated from 
a digital elevation 
model and satellite 
image of the Lago 
Maggiore Region. The 
simulated view is 
calculated looking 
from Monte Zeda 
across the lake 
towards Laveno. 
The ParlEuNet (European Parliament Network) has 
been the first European initiative to permit sec-
ondary school students to use state of the art 
networks and multimedia resources to learn 
about and do collaborative projects on the 
European Parliament. Internet connections, 
videoconferencing and a Web site containing a 
well-structured dynamic multimedia database of 
educationally relevant materials have been used 
by students to access information on the 
European Parliament, create their own projects, 
and exchange information and views with mem-
bers of Parliament and students in other coun-
tries. The students' work has gradually supple-
mented the Web site with educational modules 
and resources which can be used by other stu-
dents. The project started on the 1st of January 
1998 and will end on the 30th of June 2000. 
During the project there have been two project 
intensive periods of each 8 weeks. 
The ISIS contributed to ParlEuNet by developing a 
highly efficient dynamic multimedia database on 
the Internet to be accessed by 12 schools from 
seven European countries. The system has been 
implemented by leveraging on state of the art 
Internet technologies and standards such as the 
Extensible Markup Language (XML), fast database 
management systems, Web server extensions, ses-
sion handling, HTTP statelessness, URNs, caching, 
user interfaces, encryption, multimedia content 
publishing and multilingual translation. On the 
server side, XML has been successfully used to lay-
er down the system architecture, using a virtual 
space protocol over an object-oriented-like data-
base. A fast networked transactional object store 
has been developed to allow users the manage-
Information Highways and 
New Technologies 
author: P.A. Loekkemyhr 
Advances in informatics and networking together 
with the rapid development of the Internet has 
paved the way for many new technologies, proto-
cols and applications. Eurostat had recognised 
the need to trace this development and commis-
sioned the JRC to make an investigation of some 
areas that could be important for them. 
ISIS has, in collaboration with the EI and SAI, in-
vestigated a range of these emerging technologies 
and evaluated their usability. The aim has been to 
asses how they can be employed efficiently to im-
prove access to and interchange of information. 
The technologies that have been reviewed are: 
• Multi-user Virtual Reality; 
• Desktop Video-conferencing; 
• Streaming video on the Internet; 
• Tools for virtual meetings; 
Figure 1.4: Feasibility 
and usability of 
current desktop video-
conferencing systems: 
An infrastructure with 
directory - and 
conferencing - servers 
has been established 
and a set of 
recommendations for 
deployment of desktop 
videconferencing are 
made as result of 
experiments. 
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Figure 1.5: Broadcasting of live and archived video on the Internet using MS Windows 
Media Technologies and RealNetworks® technologies: Two permanent operational systems 
have been implemented. Modern Internet technologies such as multicasting, Real­Time 
Streaming Protocol (RTSP) and Synchronised Multimedia Integration Language (SMIL) are 
used. The system has been used to document two international conferences. 
Figure 1.6: A 
broadcasting centre 
for national statistical 
institutes: Each 
country in the EU and 
the EEA has a 
dedicated channel 
where they can 
broadcast important 
events and meetings 
via the Internet. 
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ETTN: European Technology 
Transfer Network 
author: C. Best 
The European Technology 
Transfer Network (ETTN) is an 
initiative to make technical 
research and expertise better available for 
European industry, and to stimulate their commer­
cial exploitation. It aims to improve the technolo­
gy transfer process through an effective network of 
services and information exchange. ETTN is funded 
and managed by DG Enterprise. ISIS has taken a 
coordinating role and has specified and managed 
the software and information services. These ser­
vices focus around a Web site http://ettn.jrc.it. 
The Web site combines GIST and the CIRCA soft­
ware to provide both public and secure private in­
formation exchange and collaboration tools. 
The ETTN web site forms an information hub 
which allows technology brokers to exchange re­
quests and offers for technology on behalf of 
Europe's SMEs. New research and technology op­
portunities can be advertised by authorised re­
search organisations. By the end of 1999 some 
375 SMEs were involved in the project spanning 
15 technology platforms across Europe. Over 250 
audited technology requests had been made with 
some 50 proposals targeted for business deals. 
The network runs until late summer 2000. A plan 
for self funded operations is being developed. 
Figure 1.7: Multi-user 
Virtual Reality: Several 
virtual worlds have 
been implemented 
where people can 
interact with each 
other and work with 
tools and data. 
I Laje" I ! Β 
• Interactive visualisation of Urban Landuse in 
Virtual Reality (SAI); 
• Visualisation of geo-referenced data (EI); 
• Web-based Geographical Information Systems (EI); 
Guidelines for the efficient implementation of 
new information systems were produced, as a re­
sult from surveys and experiments. Prototype sys­
tems have been developed to identify useful fea­
tures and possible applications. All documenta­
tion and on-line demonstrators are available at 
http://vesl.jrc.it. 
Virtual European Statistical 
Laboratory 
author: P.A. Loekkemyhr 
The Virtual European Statistical Laboratory 
(VESL) has the goal to become a focal point on 
the Internet for research and training in official 
statistics. The service will contain directories of 
people and organisations, libraries for software 
and documents, and interactive services that will 
enable users to announce events and share soft­
ware, data and documents. Maintenance of the 
service is mainly done in a decentralised manner 
by the users themselves; VESL shall be an open 
self-populating web-site. Initial population will 
be done by qualified ISIS staff, particularly in the 
area of Time Series and Seasonal Adjustment. All 
information is structured and stored in a data­
base and a fair isolation between data, business 
logic and user interface shall be ensured using 
current technologies for web-interfaces to data­
bases. The technology chosen is GIST. The com­
pleted VESL site will be operated by ESL, the 
European Statistical Laboratory. 
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The European Statistical Laboratory 
authors: A. Saltelli, F. Campolongo, K. Chan, C. Planas 
Created in June 1998 by EUROSTAT and by the 
JRC, the European Statistical Laboratory (ESL) 
aims to ensure that European research and tech­
nological advances in fields relevant to official 
statistics are effectively taken up by the National 
Statistical Institutes (NSI). ESL is jointly operat­
ed by EUROSTAT and the JRC. Its main objective 
is to increase the efficiency and cohesion of the 
European Statistical System, http://esl.jrc.it/. 
In 1999 the ESL focused its activity on Time 
Series Analysis and Seasonal Adjustment (Figure 
1.8). ESL contributed to animate an interest 
group on the topic, performed methodological 
studies [1.3], and disseminated the results in pa­
pers and conferences. An ad hoc study was per­
formed for the European Central Bank on the sea­
sonal adjustment of monetary aggregates for the 
EURO area. ESL also supported EUROSTAT's devel­
opment of DEMETRA, an interface system to sea­
sonal adjustment software, contributing to its of­
ficial release by EUROSTAT in February 2000. 
ESL also coordinates a consortium, which in­
cludes three national statistical institutes, that 
has secured an ambitious project within the sta­
tistic cross-program line of FP5 (the EC 5th 
Framework Programme). The project, supervised 
by EUROSTAT, is named BUSY, and is aimed to 
make available to European economic and finan­
cial institutions an organised set of tools for the 
statistical analysis of business cycles. 
Sensitivity Analysis 
authors: A. Saltelli, S. Tarantola, F. Campolongo 
A highlight of the year is the completion of the first 
handbook on sensitivity analysis. The book will be 
published Summer 2000. A draft version of the vol­
ume was used as didactic support for the Summer 
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School on Sensitivity Analysis, held in Venice in 
July 1999 http://www.jrc.cec.eu.int/ uasa/. 
The JRC has developed new global quantitative 
methods for sensitivity analysis, publishing sev­
eral articles in peer reviewed journals [1.4-1.12] 
of good academic profile (impact index in the 
range 1-3 in 1999). As far as applications are 
concerned, ISIS has completed two studies for 
EUROSTAT (1) Evaluation of Sensitivity and 
Uncertainty Analysis Methods in the Quality 
Assessment Framework with Application to 
Environmental and Business Statistics. (2) 
Development of advanced corroboration - verifi­
cation techniques for models embedded in 
Geographic Information Systems (Figure 1.9). 
The main findings of the studies above can be 
summarised as follows: 
• Sensitivity analysis can be effectively used to 
test the robustness of choices driven by the use 
of indicators. A test case studying landfill versus 
incineration options for urban solid waste 
showed that no defensible choice was possible 
based on the existing set of indicators. 
• Sensitivity analysis can be used in time series 
analysis, (e.g. for forecast purposes), by opti­
mising the selection of the time-series models 
with respect to the purpose of the analysis 
(e.g. trend extraction). 
Figure 1.8: Economic 
time series embody 
irregularities (e.g. an 
outlier due to strike), 
yearly (e.g. Christmas 
spending frenzy, 
August or Easter 
recess) and longer-
term movements (e.g. 
the trend of the 
economy). Central 
Banks need to 
understand the 
structure and the 
dynamic behaviour of 
these series. 
Extracting a trend 
from consumer price is 
cruci al for the 
monitoring of inflation 
and is a constant 
concern of statistical 
offices and central 
banks alike. The figure 
shows the Industrial 
Production Index 
(1995-1998) for the 
monetary union 
together with the 
extracted trend and 
the trend monthly 
growth rates. 
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Figure 1.9: How 
sensitive is a GIS­
based impact 
assessment (bottom) 
to modelling 
assumptions? In this 
example, the 
population was 
alternatively assigned 
to the centre of 
gravity of the 
polygons (yellow 
dots) or assumed 
uniformly distributed 
in the polygon. Other 
uncertainties in the 
computation were 
outweighed by the 
model assumption on 
population. In this 
example the most 
efficient (economic) 
way to reduce 
uncertainty is to 
better attribute 
population values to 
areas. 
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• For georeferenced data, sensitivity analysis can 
identify the optimal resolution levels in the input 
data given the task addressed by the model. This 
can lead to considerable saving in the building of 
a geographic information system, being data ac­
quisition notoriously the most expensive step. 
ISIS know­how in sensitivity analysis was instru­
mental in securing a number of new projects, 
among which: 
• ARTEMIS ­ Assessment and Reliability of Trans­
port Emission Models and Inventory Systems 
(GROWTH programme). The project involves 34 
participant organisations and aims to develop a 
harmonised emission model for all transport 
modes, and to provide consistent estimates of 
emission from transport at the national, inter­
national and regional level. 
• IMPACT ­ Estimation of Human Impact on the 
Environment in the Presence of Natural 
Fluctuations (1ST programme). The specific ob­
jective of the project is to extract anthro­
pogenic signals from time series of environ­
mental monitoring data. 
In 1999 ISIS also developed a software for sensitiv­
ity analysis (SIMLAB), in partnership with a soft­
ware house. This project has attracted the interest 
of AGIP and a contract between JRC, the software 
house and AGIP is presently being negotiated. 
Environmental Indicators 
authors: J. Jesinghaus, S. Tarantola 
The ambition of developing environmental and 
Sustainable Development indicators is to improve 
the existing environmental pressure indicators pro­
duced by EUROSTAT, and to move towards an aggre­
gation of environmental, social and economic indi­
cators to a "Sustainable Development Index" (or, 
more generally, "Policy Performance Index") that 
could challenge GDP in its current dominant role as 
lead policy indicator. The first volume of the 
Handbook of Environmental Pressure Indices is 
available at http://esl.jrc.it/envind/. 
Neural Networks and 
Machine Learning 
authors: A. Varfis, M. Alvarez 
In 1999, the Neural Networks and Machine 
Learning (NNML) laboratory run several projects 
in support of EUROSTAT and anti­fraud service 
(OLAF). Three software prototypes involving ma­
chine learning techniques have been developed 
and delivered. One software tool implements a 
novel use of Dynamic Time Warping (a dynamic 
programming approach) to measure the lead­lag 
structure between connected series, as e.g. main 
economic indexes and leading indicator series. 
Another tool permits developing Multilayer 
Perceptron (a neural network method) forecast 
models for econometric time series. The third 
software product uses another neural network 
model (the Self­Organizing Map) to detect out­
liers in large databases. The latter project is be­
ing extended to include neural network approach­
es for data imputation. Finally, NNML also started 
a study on the achievements and perspectives of 
neural network methods for official statistics. 
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Medical and Health Telematics 
3D visualization of 
anatomical models of the 
human body 
authors: A. Patak, L Portoni, J.-C. Grossetie 
The Visible Human Dataset is a collection of com-
puter tomographic, magnetic resonance and pho-
tographic images of the human body, for a total 
size of 54 Gbytes. These are a set of two-dimen-
sional images (slices). We used them to generate 
3D models of human anatomical structures and 
organs. Creating 3D models requires to segment 
the images, that means to assign each image pix-
el to a particular anatomical structure. This is a 
complex and very time-consuming procedure. 
Starting from the 2D slices of the Segmented and 
Classified Data Set distributed by Gold Standard 
Multimedia, we are now reconstructing more than 
1600 anatomical structures of the human body. 
For image processing and 3D reconstruction we 
are using the freely available Visualization 
Toolkit (VTK) on a Silicon Graphics Octane. The 
graphic interface allows visualization and inter-
active manipulation of the generated models in 
many different ways. 
3D visualization is obtained using a prototype of 
LCD autostereoscopic screen developed by 
Philips. This screen allows several observers to 
see simultaneously a real three-dimensional mod-
el without wearing any dedicated glasses or 
head-mounted displays. A specific software has 
been developed to visualize in real time the 3D 
models on the autostereoscopic screen connected 
to our SGI workstation. The reconstructed 
anatomical structures can then be 'printed' by a 
3D printer (Stratasys Inc. GENISYS) as polyester 
models. These models can be used for education-
al purposes and rapid prototyping of prosthesis. 
3D Holographic Synthesis 
and Applications 
authors: J.-C. Grossetie , H. Nguyen, A. Patak, 
J.-C. Francescatti 
Improved and up to date mathematical packages 
have been developed to simulate synthesis of 
true real colour holograms for realistic 3D active 
optical components, 3D scenes reconstruction 
Figure 1.10: (a) Image of an original photographic slice of the Visible Human Male knee, 
(b) Example of manually segmented image. To each anatomical structure a grey level value 
has been assigned. 
Figure 1.11: The reconstruction of several anatomical structures of the knee and 
simultaneous visualization of the model on the autostereoscopic screen. Also the 'printed' 
polyester model is shown. 
and for studying natural vision. The associated 
software reconstructs multi-stage progressive and 
sequential 3D holograms, while maintaining a 
very good optical quality. A large number of ap-
plications (displays, storage, image synthesis and 
processing, etc.) can now be implemented. Since 
thin and volume holograms are mainly used for 
2D and 3D static and dynamic recording, the first 
application and the most useful is 3D real time 
display, but other applications like interconnects, 
memory data storage, or optical correlators are 
important. 
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Figure 1.12: Real time colour holographic display set up. 
Industrial applications of a 
Micro Holographic Flat LCD 
Display 
authors: J.-C. Grossetie, H. Nguyen, A. Patak, 
J.-C. Francescani 
LCD technology was used to design an adaptive 
holographic display element. Unlike conventional 
LCD screens, this display has synthetic (comput-
ed) holograms as input and is driven in real time. 
The special light modulator is by itself a real 
time diffraction grating. An advantage is a very 
compact overall size compared with conventional 
optical set-up. 
Potential applications are: 
• Personal DVD Digital Video Disk; 
• PC computer screens and wearable PC display; 
• HDTV television and HDTV viewer; 
• Desktop telephone for E-Mail and real-time 
handheld internet display; 
• Video intelligent systems like head up avionic 
and aeronautic display; 
• High definition holographic display screens for 
3D CAD/CAM information systems; 
• Visualization of real-time image and holography 
for 3D medical applications; 
• Visualization of holographic interferometry for 
non destructive mechanical testing NDT; 
• Holographic visualization for the high precision 
and metrology of manufactured mechanical; 
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Improving Access to the Information 
Society 
authors: J. Gonçalves, J. Millan, G. Pirelli 
New communication technologies have an enor­
mous potential to enlarge the interactions which 
disabled and elderly citizens can have with their 
surroundings. ISIS focuses its studies on suitable 
human­computer interfaces. 
Adaptive Brain Interfaces 
(ABI) 
authors: J. Millan, J. Mouríño 
From 1996 to 1998, ISIS carried out an 
Exploratory Research action on an alternative hu­
man­computer interface based on the analysis of 
electroencephalogram (EEG) signals. We have 
succeeded to demonstrate that people could 
communicate with computer­based systems 
through a conscious control of their thoughts. A 
portable, easy­to­use EEG system was used to 
demonstrate brain­computer interfaces. At the 
end of 1998, this Exploratory Research turned in­
to the ESPRIT project "ABI" coordinated by ISIS. 
Other partners of the ABI consortium are an SME 
company, a neurological rehabilitation hospital, 
and a university; see: http://sta.jrc.it/sba/esprit/ 
abi­esprit.htm. 
The approach is based on a mutual learning 
process whereby the user and the ABI are cou­
pled and adapt to each other. While a neural net­
work learns user­specific EEG patterns character­
istic to the mental tasks, users learn to think in 
such a way that they are better understood by 
the interface. The ABI .approach has been evalu­
ated with 8 healthy users [1.13,1.14]. I t recog­
nises three mental tasks from on­line sponta­
neous EEG signals. Correct recognition is around 
70%. This modest rate is largely compensated by 
two properties of ABI: wrong responses are below 
5% and it makes decisions every half a second. 
Moreover, since the user and his/her personal 
ABI learn simultaneously from each other, users 
master it rapidly; one of the users achieved ex­
cellent control in just 5 days of moderate train­
ing, around 1 hour daily (Figure 1.14). Ongoing 
research concerns, among other issues, testing 
ABI with disabled persons, recognition of more 
mental tasks and building an advanced wireless 
EEG helmet. 
Future perspectives for ABI ranges from applied 
to basic projects. On the one hand, ABI can nat­
Figure 1.13: Portable EEG system. In this picture, the user holds a cap with integrated 
electrodes. The cap is connected to the dedicated hardware (left). The computer screen 
shows how the user receives biofeedback in real time. There are three buttons, one for 
each mental task to be recognised. A button lights up when the current EEG sample is 
classified as belonging to the corresponding mental task. 
Figure 1.14: Evolutìon 
of the classification 
performance for two 
users over three and 
five consecutive days, 
respectively. Solid 
lines represent Correct 
Responses for the 
corresponding task, 
whereas dashed lines 
represent Wrong 
Responses. User Β had 
no previous experience 
with brain interfaces 
before starting his 
training. 
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Figure 1.15: 
Videoconference 
system with automatic 
live subtitling. A deaf 
user communicates 
with a colleague 
speaking to a 
microphone connected 
­ to a PC: the text 
generated by the 
speech recognition 
system is converted 
into subtitling lines 
and overlaid onto the 
correspondent's video 
image. The subtitling 
prototype is developed 
in several languages. 
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Figure 1.16: VOICE Project's Web Site. Partners exchange all 
information via a VOICE Forum on the Internet and spread the 
results and best practices via a VOICE Web Site. 
VOICE: giving a voice to the 
deaf 
author: G. Pirelli 
The VOICE project demonstrates how speech 
recognition systems in conversation, conferences 
and school lessons, can be translated on­line in­
to PC screen messages. ISIS develops prototype 
interfaces for an easier use of commercial prod­
ucts, taking into account the requirements of cit­
izens with hearing impairment, in view of reduc­
ing the gap between them and the hearing world. 
I t is also investigating the use of this technology 
in television broadcasts and telephone calls. 
The aim is to develop awareness in the field 
among users, systems producers and services 
providers, by organising and presenting VOICE at 
international workshops and congresses and cre­
ating a VOICE Forum on the Internet. The proto­
type demonstrator produced live subtitling of part 
of the VOICE Workshops and User Group Meetings 
in European conferences, as well as in a workshop 
with the European television broadcasters. 
The VOICE project was initiated as an ISIS ex­
ploratory research project. I t is now sponsored by 
DG Information Society's Telematics Applications 
Programme (TAP), as an "Accompanying Measure". 
The project involves the active participation of 
several associations of people with hearing im­
pairment, from different European countries. The 
permanent outlet is the interactive website at 
http://voice.jrc.it. 
urally augment capabilities of people, both im­
paired and healthy. Some examples are direct 
mental control (e.g. prostheses, writing devices) 
and monitoring (e.g. awareness of drivers and 
operators of safety critical systems). On the other 
hand, ABI can contribute to health research such 
as medical diagnosis of brain disorders and the 
study of neurocognition (during rehabilitation as 
well as in everyday life). 
ACCESS: Access to Education 
for People with Disability 
author: G. Pirelli 
The ACCESS project investigates the development 
of multimedia applications for helping people 
with disability in accessing the Information 
References 
[1.13] Miliàri J. del R., Mouriño J., Heikkonen J., Kaski K., Marciani M.G., Babiloni F., Topani F., and Canale I., Adaptive brain interfaces, International Work­
Conference on Artificial and Natural Neural Networks, pp. 219­227, invited paper for the Session on "Analysis of Brainwaves", 1999. 
[1.14] Babiloni F., Cincotti F., Lazzarim' L., Millán J. del R., Mouriño J., Varsta M., Heikkonen J., Bianchi L., and Marciani M.G., Linear classification of low 
resolution EEG patterns produced by imagined hand movements, IEEE Transactions on Rehabilitation Engineering, to appear, Special Issue on "Brain­
Computer Interface Technology". 
[1.15] Pirelli G., The VOICE Project, Proceedings of the Workshop Steps towards an Improvement of the Participation of Deaf Persons in the Information 
Society, Klagenfurt, 1999. 
[1.16] Pirelli G., I l Progetto VOICE, Proceedings of the Conference Handicap, Communication and the European Broadcasters, Bologna, 1999. 
[1.17] Pirelli G., I l Progetto VOICE, Proceedings of the Conference Didattica e Nuove Tecnologie, Ricerca e Sperimentazione nella Scuola, Arona, 1999. 
[1.18] Pirelli G., I l Progetto VOICE, Proceedings on the Web of the ASL VOICE Workshop, Pavia, 1999. 
20 ISIS Annual Report 1999 
Figure 1.17: The basic idea of ACCESS is to provide the written 
voice of a teacher and friends to those who cannot hear the 
spoken voice. This concept also applies to people with visual 
impairment who will be able to listen to the spoken Web pages 
by means of text-to-voice synthesis of the written page content. 
Society in their education and training. The re­
search aims are twofold: 
• Provide design recommendations for contents 
in the Internet which can be accessed, irre­
spectively of the required human-computer in­
terface; "design for all" approach. 
• Recommend best practices, to enable the ac­
cess of people with disability. 
ACCESS targets to students with special needs, 
but i t also benefits the elderly. ISIS has a long 
standing, hands-on experience for supporting 
European policy makers, e.g., Netd@ys-Voice in 
1998 and Netd@ys-Access in 1999, Socrates' 
MOISE and active participation at the Inter-
Service Group on Disability. There ISIS helps 
identifying the user needs and translating them 
into recommendations and technical specifica­
tions. Workshops, videoconferences, tele-educa­
tion sessions and Net-meetings offer opportuni­
ties for sharing common experiences and for the 
dissemination of new ideas. 
The Internet ACCESS Forum discusses the adapta­
tion of multimedia systems to the special needs 
of disabled people. Results and conclusions are 
published on the Web in several languages. This 
presentation follows the current recommenda­
tions for creating Internet contents accessible by 
people with visual impairment or reduced mobili­
ty as an example of a web-site designed follow­
ing the rules of "Web-accessibility to all" 
http://voice.jrc.it/access. The technical and hu­
man facets of ACCESS overlap and help raising 
awareness for the problems faced by people with 
disability. 
Training of Mentally Disabled 
People in Working 
Environments 
author: C. Cacciabue 
A scientific collaboration between ISIS and 
Istituto Scientifico E. Medea was set up in order 
to better integrate mentally disabled people in 
their working environments, namely in SMEs. The 
two-year project, financed by the Italian Ministry 
of Health, is focused on the development of a 
multimedia simulation system for improving error 
diagnostic skiLls in mentally disabled people. 
The difficulty to recognise and react to our own 
errors is a common experience. In particular, this 
holds true for mentally disabled subjects because 
of their low projective capabilities, their attention 
deficit and the rigidity with which they apply res­
olutive schemes. Usually, during training they are 
taught how to operate machines by simple auto­
matic sequences. In order to devise a new training 
methodology and an innovative way to deal with 
errors a quite innovative approach was taken. 
In the first year, a conceptual framework of refer­
ence has been considered and observations of dis­
abled people at work were carried out aiming at 
studying their diagnostic skills and how they react 
to abnormal situations. A classification of human-
machine interaction mishaps was then developed in 
order to collect information on characteristics of 
the training received by these people and the rela­
tive approach to the working context. Moreover, 
the database also contains the neuropsychological 
cognitive profiles of these people as well as the 
type of machines they operate. It is expected that 
these studies will point out a methodology for 
evaluating and improving the way mentally dis­
abled people interact with machines. 
± \ Monitor #1 V 1 \ \ Monitor #2 ν mu Interface 
Figure 1.18: 
Multimedia Simulation 
System. 
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Three Dimensional Reconstruction of 
Real Environments 
authors: J. Gonçalves, V. Sequeira 
Figure 1.19: 3D Reconstruction of an outdoor industrial plant - the figure shows three 
snapshots of the final 3D reconstructed model as seen from three different positions and a 
close-up snapshot of the highly detailed 3D model of the pipe work. 
Figure 1.20: 3D Reconstruction of the "Cour d'Honneur" of the French National Assembly -
the figure shows two snapshots of the final 3D reconstructed model. The model is textured 
with the infrared laser reflectance data. The internal courtyard is about 80 m per 50 m. 
The objective of Three Dimensional Reconstruc-
tion is to create a model of a real environment as 
i t actually is. I t becomes thus possible to view 
the environment representation from any view-
point selected by the user. Figure 1.19 shows the 
3D model of an outdoor industrial plant as seen 
from different positions. 
A complete 3D Reconstruction model requires da-
ta scanning and acquisition from multiple cap-
ture points. These multiple datasets resolve the 
occlusions, i.e., areas that are not seen from sin-
gle views as what is behind a cupboard. Prior to 
having a single integrated model, there is thus 
the need to register and process the 3D data. 
The long experience of ISIS in 3D Reconstruction 
has been recently extended by the participation 
in two competitive projects and a thematic re-
search network. 
RESOLV 
authors: J. Gonçalves, V. Sequeira, E. Wolfart, E. Bovisio 
The Resolv project aims at exploring new tech-
nologies for creating photo-realistic 3D models of 
indoor and outdoor environments. After four suc-
cessful years, the project has come to an end. 
The participation of the JRC include the acquisi-
tion of 3D data, the development of algorithms 
for 3D reconstruction and the development of in-
novative applications and systems, e.g., 3D 
hand-held range scanner. Moreover, 3D models 
can be applied to 3D Omni-directional Virtual 
Studios, a novel TV/cinema production technique, 
combining the studio filming with virtual envi-
ronments. Figures 1.20 and 1.21 show the 3D 
model of the French National Assembly's Cour 
d'Honneur and a detail of the Delacroix room. 
Figure 1.21: 3D Reconstruction of the Delacroix room at the French National Assembly - the 
figure shows two indoor images from the final 3D model illustrating the Delacroix paintings. 
INFOBOY 
authors: J. Gonçalves, V. Sequeira, E. Wolfart, 
E. Biotti, E. Bovisio 
The goal of this project is to evaluate the use of 
3D Reconstruction techniques for the Web and 
tourist kiosk advertisement of farmhouses and 
small hotels in the Bavarian area. Figure 1.22 
shows the 3D model and different views of a 
Bavarian farmhouse. 
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CAMERA 
authors: J. Gonçalves, V. Sequeira, P. Dias, K. Klein 
This research network on 3D Reconstruction aims at 
enhancing the scientific collaboration between the 
seven research laboratories involved and at provid­
ing training to high­talented young researchers. 
ISIS participation focused on two topics: 
• Perception Planning, i.e., where to locate the 3D 
data acquisition equipment in order to build 
complete 3D representations of the environment; 
• Registration of video and laser range data; 
The network used the 13th century round church­
es of Bornholm, an island in the Baltic Sea, as a 
common dataset. Two views of a texture­mapped 
model of the inside of the church are shown in 
Figure 1.23. Figure 1.24 shows the best location 
for the second capture point inside one of the 
Bornholm churches. 
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Figure 1.22: 3D Reconstruction of a Bavarian farmhouse ­ several snapshots of the 3D 
reconstructed model. 
Cloud of 3D points 
Figure 1.24: 3D Reconstruction of a church at Bornholm. After a first data 
scan, the operator must move the data acquisition equipment to 
another position in order to capture new data "unseen" from the 
initial position. The choice of the capture points determines the 
efficiency of the reconstruction process. The 
system automatically selects the next best 
capture position as indicated in the 
figure. Each potential location 
is labelled with a colour 
indicating the expected gain in 
the quality of the model from c 
scanning at that precise 
location. It varies from red ­
not recommended, to bright 
green ­ strongly recommended. 
Figure 1.23: 3D Reconstruction of a church at Bornholm, a 
Danish island in the Baltic Sea. The final model is based on 
the fusion of data originated from different sensors. 
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Information Systems in Civilian Demining 
Figure 1.25: 
Unexploded ordnance 
in Laos (information 
courtesy of Handicap 
international). 
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Introduction 
author: F. Sorel 
At the Ottawa convention, the European 
Commission committed to pursue and reinforce 
its efforts in helping afflicted nations clear their 
lands of anti­personnel landmines. Even with the 
increased worldwide commitments to the financ­
ing of humanitarian de­mining operations, the 
de­mining effort will take many years. It is hence 
important to also pursue R&D efforts aiming at 
increasing the speed, cost efficiency and safety 
of these operations, and to co­ordinate these re­
search efforts for maximum efficiency. 
The main objective of the JRC activity is to pro­
vide a coherent technical and scientific support 
to the conception and implementation of the 
European policies in the field of humanitarian 
de­mining. This activity is carried out in close 
collaboration between SAI (Space Applications 
Institute) and ISIS. The aim of the ISIS project is 
to ensure that effective and safe information sys­
tems and technologies are made available to de­
mining programmes. 
The project started in 1999 along the following 
activity lines: 
• Information hub of de­mining projects financed 
by the different services of the Commission; 
• Support to de­mining operation planning based 
on geographic information systems and deci­
sion support; 
• Support to close detection of landmines focusing 
on CAD databases and complementary sensors; 
• Support to mine clearance through the evalua­
tion of remotely controlled mechanical equip­
ment and training methods for de­mining teams; 
Information Hub, Geographic 
Information Systems and 
Decision Support 
authors: I. Shepherd, R. Peckham, D. Sarigiannis, 
F. Ereno, Η. Hardy, Β. Eiselt, M. Salsana, V. Hoffmann 
In the period 1992­98, the European Union com­
mitted over 180 M€ to support demining pro­
grammes, assistance to mine victims, and research 
and development of technology. EU Member States 
carried out bilateral programmes on a similar 
scale. Altogether, this has been a major contribu­
tion to the global efforts of the international 
community but much remains to be done. 
In 1999 ISIS started a series of actions to im­
prove the visibility, transparency and efficiency 
of the Union's mine action operations. As a first 
step i t set up a web­site (http://eu­mine­
actions.jrc.cec.eu.int) that explained the Union's 
policy, described where the responsibilities lie 
within the Commission and catalogued the past 
and ongoing mine actions according to the type 
of action (de­mining, victim awareness, rehabili­
tation etc) and the country concerned. This cata­
logue was rationalised and used as the basis for 
an on­line database, open to the public but with 
a limited number of areas reserved for the 
Commission services. A document repository, 
again with differential access, was also connect­
ed to the web­site. Work is ongoing to open a 
gateway to the Land Mine Information System, 
developed by JRC's Space Applications Institute, 
for archiving and distributing signatures from 
ground­penetrating radar experiments. In support 
of this signature database JRC developed an ob­
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ject-oriented software package for validating that 
standards are respected and converting between 
different formats (SEG-2 and MEG). 
Work on Geographical Information Systems has 
started. Next year these will be linked to the web 
site but for the moment they are being tested 
off-line. Coarse-scale information on mine conta-
mination has been obtained from the United 
Nations and this is being linked to commercially 
available spatial data on population density, 
sites of cultural interest, land cover, topography 
and administrative boundaries as well as informa-
tion available from JRC such as the European soil 
map. Finer-scale information on contamination 
and casualties is also being collected from gov-
ernmental and non-governmental sources. Data 
from Laos, where the main threat is from unex-
ploded ordnances left over from the Vietnam con-
flict, was obtained from Handicap International. 
Data was obtained from Croatia following a visit 
to the Croatian Mine Action Centre. I t is estimat-
ed that 10% of Croatian land is contaminated. 
This information is being used firstly to determine 
priorities for mine clearances and secondly to iden-
tify the most appropriate clearance technology for 
a particular region. This will depend on soil-type, 
land cover, climate and the type of mine (anti-tank 
or anti-personnel) that is likely to be found. 
A preliminary exercise in decision support used 
the Laos data as a basis. Land mines are an im-
pediment to sustainable social and economic de-
velopment so the prototype decision support sys-
tem took into account social and economic fac-
tors as well as the distribution of mines. Two dif-
ferent methods were tried - the first evaluated 
vulnerability and risk separately and then com-
bined them to determine impact. The second 
aimed to include some cost-benefit component. 
The results of both are still being analysed to see 
where the two approaches differ and what extra 
information is needed. 
I t is already apparent that there is a need to har-
monise better the reporting of mine actions and 
the recording of information - both within the 
afflicted region and at the headquarters of or-
ganisations such as the United Nations and the 
European Union that coordinate mine actions. 
JRC is leading efforts to improve the harmonisa-
tion and has organised a workshop on the sub-
ject that will take place early in 2000. 
Pilot CAD database for the 
close-in detection of 
landmines 
authors: F. Andritsos, F. Littmann, I. Vakalis 
One of the major issues in landmine detection is 
the very high false alarm rate associated with the 
high sensitivity metal detectors needed for the 
detection of the modern minimum metal mines, 
coupled to the usually high debris soil contamina-
tion. Actually, each metal detector alarm cannot 
be confirmed but by manual probing and digging, 
in order to identify visually the suspect object. 
A survey on the existing landmine databases was 
carried out before implementing any new data-
base. The work performed aims in using 3D 
Computer Aided Design (CAD) models of mines for 
a pilot multi-sensor data-fusion application 
(Figure 1.26). CAD feature extraction coupled to 
multi-sensor data fusion algorithms is expected to 
help in identifying the cause of many metal detec-
tor alarms, thus saving a lot of manual work and 
enhancing significantly the demining process. 
A good understanding of the current humanitari-
an de-mining practices is vital in what has been 
undertaken. A demining training course, espe-
cially for R&D performers, has been organised in 
the frame of the ARIS network in Sweden and in 
Bosnia Herzegovina. ISIS personnel participated 
in that course (Figure 1.27) as well as in other 
related workshops and activities. 
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Figure 1.26: Example of target identification through the fusion of data from three 
different sensors with features extracted from a CAD database. 
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Figure 1.27: Landmine 
Awareness. 
Figure 1.28: Mechanically assisted demining. 
Remotely controlled 
mechanical 
equipment 
authors: F. Andritsos, F. Littmann 
As became apparent also from our experience in 
Bosnia, vegetation and tripwire clearance may 
represent up to 70% of the time spent by a dem-
iner. The use of remotely controlled mechanical 
equipment (such as Figure 1.28) could enhance 
significantly the demining process. ISIS initiated 
a survey of the existing remotely controlled 
equipment and of the operational needs (see 
http://demining.jrc.it/aris/events/eksjo/eksjo.html, 
http://demining.jrc.it/aris/events/sarajevo.htm). 
Evaluation of Complementary 
Sensors 
Chemosensors and Biosensors 
author: J.M. Zaldivar 
Chemosensors and biosensors incorporate respec-
tively, a chemical (chemically selective mem-
brane, film or layer) or a biological (enzyme, nu-
cleic acid, antibody, bacteria, and tissue) entity 
as a fundamental part of the sensing process. 
These active sensors are coupled with an elec-
tronic device which act as an electronic transduc-
er that interprets their activity. 
Even though considerable research has been de-
voted to these sensors, the efforts have concen-
trated on the food and health industry and only 
recently their application for the localization and 
identification of anti-personnel mines has start-
ed. The development of a reliable sensing device 
for buried personnel landmines is stil l a mid-term 
scientific goal. 
For chemical and biochemical sensors, ISIS has 
concentrated on an independent assessment to 
determine whether presently available technology 
could be adapted for explosive sniffing, a study 
of international on-going projects [1.27], and an 
assessment of possible JRC research activities 
that could help in order to speed up the develop-
ment of these sensors [1.28]. 
Complementary activities that could help devel-
opers and sensor manufacturers in their work for 
the test/characterization of their sensors to the 
problem of landmine detection as well as an out-
line of possible future activities can be summa-
rized as foLlows: 
• Understanding the decomposition reactions in 
TNT, RDX and other landmine explosives and 
creating a Web-database with quantitative 
chemical data. 
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Testing and modelling expLosive vapour trans­
port through porous media and into the air. 
Development of a testing facility for the cali­
bration of electronic noses, biosensors or 
chemosensors prototypes as i t is already done 
for other type of landmine detection systems. 
Evaluation of electro-static sensors 
authors: C. Coutsomitros, A. Kokonozi 
An electrostatic sensor has the potential to de­
tect plastic mines. I t detects electric charges as 
low as 10"17 Cb. The tests have been performed 
using active methods to electrically charge plas­
tic mines for close-in detection. 
Positive results have been obtained with real 
mines positioned under ground. There is a very 
clear signal in positions where the mines were lo­
calised. In this configuration the mines were un­
der ground in 1 cm below the sand. Tests were 
performed to investigate the effect of different 
climatic conditions. An electrostatic generator 
was used to charge by induction the plastic 
mines that are underground. First results give a 
positive response to this problem. 
The realisation of a prototype version started. 
The first miniaturised device was tested success­
fully. 
I t is planned to develop an electrostatic scanner 
with 100 electrodes to be able to reproduce the 
geometric shape of the buried plastic anti-per­
sonal mines. This electronic board in A4 format 
will be designed for connection to a portable PC. 
Infrared measurement method 
author: C. Coutsomitros 
Infrared spectral measurements have been per­
formed, under different laboratory conditions to 
detect buried plastic anti-personal mines (APM). 
Weak temperature gradients were applied at the 
region where the landmine was suspected to be 
either by heating or cooling. Different static 
tests were performed with landmines partially or 
totally covered by sand and/or vegetation at a 
depth of about 1 cm. The IR camera is used as a 
Figure 1.29: Infrared 
image of a mine 
totally covered by the 
sand: The 
measurement was 
performed after 
heating up the sand. 
confirmation sensor, seeking to identify the 
cause of an alarm of a scanning sensor (i.e. a 
metal detector). 
The IR measurement uses a local weak activation 
thermal field. I t has been demonstrated that, at 
least under the given laboratory conditions, i t 
can provide images clear enough to reduce manu­
al probing and digging. Established, off-the-shelf 
image treatment techniques can further enhance 
this process. 
Training for Mine Clearance 
Teams 
author: M. Bacchi 
Despite the amount of research conducted in or­
der to identify new technologies to support 
Clearance Operations in Humanitarian Demining, 
detection and clearance are still performed manu­
ally using metal detectors and probes. The human 
being is the main actor in field operations. 
In order to identify performance indicators and 
training needs, a literature review was carried 
out. The main conclusion reached is that 
Humanitarian Demining has been ignored by the 
scientific human factors community. 
The main factors which have an impact on dem­
iners performance are related to attention, risk 
perception, safety culture, mental and physical 
fatigue (normal duration of a single prodding 
task should not exceed 20 minutes). In particu-
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lar, the following subjects have been identified 
for further study: 
• Routine and complacency causing 'poor1 or un-
safe results as they decrease the level of atten-
tion of deminers. 
• Risk perception, which is decreased by routine 
as well as the high rate of false alarms (100-
1000 false alarms for each real mine detected). 
• National culture, which determines the way in 
which Standard Operational Procedures and 
safety equipment are applied and used. For ex-
ample, in some cultures, wearing protective 
equipment is seen as a sign of weakness. 
A Pilot Research will take place early 2000 to 
identify deminers professional competencies, i.e. 
knowledge and abilities for safe and efficient 
Clearance Operations. These data will have direct 
impact on deminers training, as they are synony-
mous of training objective and contents. 
Moreover other applications would benefit from 
these results; expert systems are based on the 
identification of the knowledge and abilities that 
characterise the performance of experts in specific 
fields. 
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Safety of Building Structures 
and Means of Transport and 
Protection of Cultural Heritage 
editor: V. Renda 
The European Commission is strongly engaged in research and development for the protection of the European population against the consequences of natural and man made hazards. A significant effort is done in the field of safety in Structural Mechanics with reference to buildings and bridges, means of transport and protec-
tion of cultural heritage. The activities performed at the Institute for Systems, Informatics 
and Safety take advantage of unique facilities in Europe: the European Laboratory for 
Structural Assessment (ELSA) and the Large Dynamic Test Facility (LDTF). Full/large scale 
tests are performed at ELSA to assess the behaviour of structures of civil and architectural 
interest stricken by strong earthquakes. Crash tests on energy absorption devices for trans-
port and road equipment are performed at LDTF. All these activities are complemented by 
advanced measurement techniques, sophisticated numerical modelling and analyses. The 
work related to the protection of cultural heritage includes the development of technolo-
gies for structural diagnostics and techniques for strengthening/repair of the structures 
validated through full/large scale seismic tests performed at ELSA. 
Safety of Building Structures 
introduction: G. Magonette, A. Pinto 
Figure 2.1: The four-
storey dual (frames 
and shear walls) 
building was designed 
according to the 
Displacement Based 
Design method and 
will be used to test 
the new design 
concept. 
Recent disastrous earthquakes in Japan (Kobe, 
1995), Turkey (Izmir, 1999) and Greece (Athens, 
1999) demonstrate the importance of seismic risk 
mitigation. Appropriate design of new construc-
tions and retrofitting of existing ones are two ba-
sic requirements. Therefore, scientists and engi-
neers work to improve the protection of buildings 
and bridges against extreme loads as from earth-
quakes and wind. New construction materials and 
technologies attract the interest and attention of 
scores of researchers requiring substantial efforts 
to set-up safety recommendations, and related 
norms and standards. 
The European Laboratory for Structural Assessment 
(ELSA) offers scientific and technical competen-
cies as well as large-scale experimental facilities 
to investigate technologies for safe and economi-
cal design of civil engineering constructions 
against hazardous loading. Five research areas 
were covered during the last year: 1) Development 
and assessment of seismic retrofitting solutions 
and techniques for ordinary buildings and for 
bridges; 2) Assessment and retrofitting of build-
ings with cultural value; 3) Vibration control 
methods and systems for bridges under wind load-
ing; 4) Development of the Pseudo-dynamic (PSD) 
testing method - continuous PSD testing and non-
linear substructuring techniques; 5) Development 
and calibration of analytical models and tools for 
the seismic assessment of structures. 
Activities supporting 
Eurocode 8 
author: P. Negro 
The ELSA Laboratory provides experimental data 
for the calibration and verification of Eurocode 8, 
the harmonised code for Earthquake Resistant 
Design of Structures. This work started immedi-
ately after the construction of the Laboratory, 
with the first seismic test on a complete building 
designed in accordance with the current version 
of Eurocode 8 [2.1,2.2]. In addition, a number of 
pre-normative research projects took advantage 
of the ELSA Laboratory [2.3]. 
The network on Innovative Concepts for new and 
existing structures (ICONS) performs pre-norma-
tive research for the new generation of design 
codes. This includes the assessment of the so-
called Displacement Based Design, which may 
completely change the philosophy of seismic de-
sign procedures in the future. A complete four-
storey reinforced concrete building has been de-
signed and built (Figure 2.1). One of the frames 
has been designed according to the current ver-
sion of Eurocode 8, and the other according to 
the new Displacement Based Design method. The 
results are expected to show the advantages of 
the new design concept, and will yield informa-
tion about the seismic behaviour of dual struc-
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tures (structures which combine frames and shear 
walls). Tests are also being prepared to study the 
seismic behaviour of irregular (U-shaped) shear 
walls. These structures typically resist a large 
portion of the total seismic forces, and the non-
linear behaviour of shear walls with complex 
cross-section configurations is largely unknown. 
Other tests were performed to explore the possi-
bility to release the current limitations imposed 
by Eurocode 8 in terms of strength of the materi-
als. The upper limit imposed on the strength of 
reinforcing steel seems to be inappropriate for 
the case of confinement. With this aim, a series 
of columns equipped with stirrups made of high 
strength steel (yielding strength 1000 MPa) were 
performed, and the results seem to confirm simi-
lar studies recently conducted in Japan. 
A more direct connection between research and CEN 
technical committees is needed. In this respect, 
the newly signed agreement between the JRC and 
the CEN will certainly have a positive impact. 
Earthquake protection of 
buildings using high 
damping rubber isolators and 
viscoelastic dampers 
author: G. Magonette 
Isolation of buildings from the horizontal compo-
nent of seismic ground motions is becoming more 
accepted as an effective method of providing 
protection from earthquake damage. By reducing 
the seismic forces transmitted into a building, 
this technique also protects the contents and 
secondary structural elements. High damping 
rubber (HDR) bearings are a simple and economi-
cal means of providing isolation. They possess 
the low horizontal stiffness needed and are capa-
ble of safely withstanding the large horizontal 
displacements imposed on them during an earth-
quake. Sufficient damping is present in the rub-
ber to suppress excessive displacements and re-
duce the response at the isolation frequency. The 
ELSA laboratory has extended successfully the ap-
plication of the pseudodynamic testing method 
to the assessment of structures equipped with 
strain rate sensitive material such as HDR. 
The REEDS project, funded by the Commission's 
Brite-EuRam programme, examines a new tech-
nology in which the earthquake resistance of a 
building is enhanced by rubber-based dampers in 
the superstructure [2.4]. The effectiveness of the 
dampers has been assessed by tests performed on 
a mock-up of part of a reinforced concrete frame 
structure. The results [2.5] showed that i t is fea-
sible to incorporate the dampers into a non-seis-
mically resistant structure and thus reduce the 
interstorey drift produced during a typical design 
earthquake (Eurocode 8: medium soils) to a level 
at which the structure responds only elastically. 
This technology has potential application to both 
new and existing structures (Figure 2.2). 
Active control in civil 
engineering 
author: G. Magonette 
In recent years, improvements in materials and 
computational techniques have led to progres-
sively longer, structurally more efficient and more 
slender structures. Consequently, they are in-
creasingly flexible and more sensitive to wind as 
well as to live load induced vibrations. 
Furthermore, structural damping is usually lower 
than one percent. For large bridges this justifies 
the development of active damping devices. The 
Active Structures Laboratory of the Université 
Libre de Bruxelles has recently developed a robust 
decentralised control strategy for cable struc-
Figure 2.2: Rubber 
based dampers 
installed in the 
superstructure of 
buildings can 
substantially reduce 
interstorey drift during 
earthquakes. In this 
test, the dampers 
were mounted below 
the ceiling of the 
ground floor and 
below the roof at the 
point where the 
diagonal bars meet. 
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Vulnerability assessment of 
bridges 
Figure 2.3: The Large-scale cable-stayed bridge mock-up at the ELSA Laboratory used to 
validate active vibration control devices. 
tures, using a collocated force sensor and a dis-
placement actuator. This strategy has already 
been successfully applied for several laboratory-
scale demonstrators. To show its applicability on 
real structures, large-scale experiments have been 
carried out at ELSA. The test-bed is a 30 m long 
model of a cable-stayed bridge during its con-
struction phase (Figure 2.3), equipped with hy-
draulic actuators on the two longest stay-cables. 
A complete series of over 100 experiments per-
formed on the modeL bridge clearly demonstrated 
the efficiency of the active damping system 
[2.6,2.7]. The tests covered the analysis of nu-
merous critical situations, emphasising also the 
performance of the entire system. This included 
the behaviour of sensors, controllers, actuators 
and power generators. Moreover, a number of im-
plementation aspects were addressed as intermit-
tent and fail safe operations, integrated safety, 
reliability, and maintenance. 
author: A. Pinto 
Recent seismic events show that long bridges as 
highway and railway viaducts are particularly 
sensitive to the effects of earthquakes. 
Insufficient consideration for seismic risk in 
bridge design has resulted in inadequate detail-
ing of confining steel and insufficient shear rein-
forcement in the bridge piers, insufficient seat 
length of bearings, and inadequate design of the 
bridge abutments. There are many open questions 
concerning the ductile behaviour of large bridge 
piers, in particular those with rectangular hollow 
cross-section commonly used in Europe. 
ISIS is participating in the VAB project 
("Advanced Methods for Assessing the Seismic 
Vulnerability of Existing Motorway Bridges - con-
tract ENV4-CT97-0574) as the major partner for 
the testing activity. Four large-scale models of 
typical bridge piers with different span ratios will 
be tested at the ELSA laboratory using non-linear 
substructuring techniques. 
The work in 1999 concentrated on the develop-
ment of the non-linear substructuring to be used 
in the on-line control of the experiments [2.8]. 
Final definition and design of the scaled models 
(1:2.5) of the bridge piers were performed. The 
four piers (two squat piers and two bending dom-
inated piers) will be constructed at the begin-
ning of the next year and the testing campaign 
will start by March 2000. An initial displacement 
controlled test will be performed on a short pier 
allowing to calibrate the required non-linear 
models for the pseudo-dynamic test with sub-
structuring. I t is also foreseen to assess experi-
mentally the effectiveness of seismic retrofitting 
solutions and techniques for bridge piers with 
rectangular hollow cross-sections. 
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Assessment and retrofitting 
of reinforced concrete frames 
author: A. Pinto 
Strengthening of masonry 
infills 
authors: A. Anthoine, P. Negro 
Within the ICONS project ("Innovative Seismic 
Design Concepts for New and Existing Structures" ­
Contract FMRX­CT96­0022) [2.9], performed joint­
ly with eleven European research institutions, 
ELSA is performing a wide testing campaign on re­
inforced concrete frames representative of the 
construction of the 1950's. Main objectives are 
the identification of structural vulnerabilities (as­
sessment) and development/qualification of retro­
fitting solutions/techniques. Selective retrofitting 
techniques were successfully applied and tested. 
Assessment of more conventional techniques (e.g.: 
shotcrete of infill panels) and of new solutions 
based on dissipative devices will be performed 
next. Figure 2.4 shows the reinforced concrete 
frames under testing and compares performances 
of the original structure with the retrofitted one. 
Figure 2.4: Assessment 
and retrofitting of 
reinforced concrete frame 
structures: 
Top ­ Test model; 
Bottom ­ Experimental 
vulnerability functions 
(maximum inter­storey 
drift) for the original 
and retrofitted frames. 
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Within the EUROQUAKE project ("Towards Euro­
pean Integration in Seismic Design and Up­
grading of Building Structures" ­ Contract IC15­
CT­97­0203), a particular strengthening technique 
for masonry infills (insertion of polymeric grids in 
the mortar bed joints and in the plaster of both 
external faces of the masonry infill) has been as­
sessed experimentally. Two infill layouts, one 
without opening, the other with non­
symmetrical openings (a door and a window) have 
been tested successively. For each configuration, 
two masonry panels, one plain and the other rein­
forced, have been contemporaneously submitted 
to cyclic horizontal displacements of increasing 
amplitude. The bene­fits brought by the use of 
polymeric geogrids are presented in Figure 2.5 for 
the infills with openings: the reinforced infill ex­
hibits a higher strength and an enhanced ductili­
ty. Moreover, the reinforcement prevented the 
complete collapse observed for the plain infil l. 
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Figure 2.5: Top: 
Increased strength 
and ductility of the 
reinforced infill with 
openings (red curve) 
when compared to the 
plain one (blue 
curve). Bottom: Final 
state of the reinforced 
infill (the complete 
collapse of the plain 
infill is visible in the 
background). 
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Figure 2.6: Dynamic 
pull-out test at the 
LDTF of a 16mm-
diameter undercut 
anchor; fast film 
photography (4000 
frames/sec) is 
employed for 
monitoring the 
phenomenon. 
Anchorages in concrete 
under dynamic loading 
author: G. Solomos 
High strain rate pull-out tests of metallic anchor-
ages in concrete were performed using the 
Hopkinson bar technique in the Large Dynamic 
Test Facility (LDTF). Samples included plain cubic 
specimens, 20 mm diameter rebars, anchorages 
(cast-in-place and post-installed), and anchors of 
up to 16 mm (Figure 2.6). Material modelling 
work is carried out for concrete along the lines of 
the lattice, microplane and strain gradient plas-
ticity models. 
Results lead to improve the base material me-
chanical characteristics and help understand the 
anchorage response to dynamic loads [2.11]. This 
should lead to new materials design of high per-
formance concrete (with steel fibres), materials 
modelling (including the strain rate dependence 
of the stress-strain curve of concrete and its soft-
ening branch), and numerical simulation tools. 
Anchorages consist of a metallic element, rebar 
or anchor, and the concrete base material, where 
the metallic element is embedded with or with-
out a bonding agent. The special attention given 
to anchorage systems in the concrete construc-
tion industry is being driven in part by the fol-
lowing global trends: Increasing use of pre-fabri-
cated structural elements; increased interest in 
earthquake retrofitting world-wide; increased in-
terest in preservation of the historical built envi-
ronment, and in the re-use and rehabilitation of 
existing structures, particularly in Europe; other 
special anchorage demands come from offshore 
construction, road safety barriers, nuclear power 
plants etc. 
The activity is performed mostly within the 
framework of the EU Brite-EuRam project ANCHR 
(BRPR-CT97-0549) "Anchorages in normal and 
high performance concretes subjected to medium 
and high strain rates". Other partners include: 
DENSIT a/s (DK), HILTI (LI), ENEL-CRIS(IT), 
Politecnico di Milano (IT), University of Patras 
(GR), Bekaert (BE). 
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Protection of CuLturaL Heritage 
introduction: A. Pinto 
Earthquakes can have devastating effects to both 
life and urban environments with important cul-
tural value (e.g. the Italian Umbria/Marche 
earthquake crises, 1997). There is a need to in-
crease the earthquake resistance of these struc-
tures, preserve cultural heritage, reduce rebuild-
ing costs (which can significantly exceed upgrad-
ing cost), and minimise disruption to way of life 
and loss of business (such as tourism). 
It is also urgent to implement an upgrading strat-
egy since many historic structures in Europe are 
being redeveloped without strengthening that is 
compatible with the original structure. In fact, the 
current repair/strengthening technology is based 
mainly on very simple reinforcing systems, which 
are often intrusive. In the case of historic struc-
tures where the retention of the original façade 
without any modification is essential, most of the 
existing techniques are not suitable. Major re-
building work is required as well as the develop-
ment of non-invasive retrofitting techniques. 
Seismic assessment of 
masonry structures 
author: A. Anthoine 
Redesign after earthquake damages and retro-
fitting against expected earthquakes are essential 
parts of the entire process for seismic protection. 
The seismic Eurocode (EC8) includes a section 
called "Repair and Strengthening" (Part 1.4). This 
section contains a general framework dealing with 
assessment, decision-making and redesign as well 
as concise descriptions of intervention techniques 
for different materials including masonry struc-
tures. Particular considerations for historical 
buildings and monuments are also given. 
In load-bearing masonry constructions, masonry 
walls usually carry both gravity and lateral loads. 
Under seismic lateral loads, masonry buildings 
may collapse due to the in-plane and/or out-of-
plane failure of these waLls. The in-plane failure 
may occur according a flexural, sliding or shear 
mode. Failure due to the shear mode is by far the 
most likely and usually takes place in the form of 
one or two diagonal cracks. Many repair/ 
strengthening techniques are presently available 
for masonry walls. Some of these have been ap-
plied for years on existing structures but have 
not always been tested in a systematic way, oth-
ers have been proposed recently and have not 
been used in practice nor even tested yet. In 
particular, basic data about the respective perfor-
mances of traditional/innovative techniques as 
well as advanced numerical tools able to repro-
duce the cyclic in-plane behaviour of plain/rein-
forced masonry are still lacking. 
Our institutional project, launched this year, is 
intended to fill these lacks and thus to allow the 
development of precise design guidelines for the 
repair and strengthening of masonry buildings, 
monuments and other constructions typical of 
the European Cultural Heritage. To this end, an 
experimental campaign has been designed in or-
der to assess the efficiency of traditional and in-
novative repair/strengthening techniques and al-
so to allow the calibration/development of ad-
vanced numerical models for masonry with partic-
ular emphasis on the in-plane cyclic behaviour. 
Two Solutions for the 
Retrofitting of Masonry 
Structures - A Comparison 
authors: E. Gutiérrez, V. Renda 
Two different techniques using novel materials 
have been applied to an identical masonry struc-
ture (see Figure 2.7a, Figure 2.7c): 1. The appli-
cation of Shape Memory Alloys [2.12] and 2. Pre-
impregnated composite jackets [2.13]. Both in-
vestigations used specimens with identical geom-
etry and construction details. 
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Shape Memory Alloys 
Shape Memory Alloys (SMAs) allow the realisation 
of mechanical and seismic protection systems 
based on devices having intrinsic energy dissipa­
tion capabilities [2.14]. SMAs materials are charac­
terised by super­elasticity allowing energy dissipa­
tion through a phase change from austenite to 
martensite and vice­versa. Stress­strain cycling 
does not produce material damage and is always 
performed in traction, allowing to use cables in 
the unprotected wall. Experiments were performed 
with increasing intensities of the assumed refer­
ence earthquake signal. The original (unprotected) 
model showed stability until 300% of the signal. 
The shearing forces caused big cracks in the wall. 
The protected wall with SMAs reached 500% of the 
signal with much greater energy dissipation. The 
crack pattern was similar. Figure 2.7a shows the 
wall incorporating the cross­bracing system includ­
ing the SMA devices and Figure 2.7b shows the 
force­displacement loop for the protected wall for 
a seismic input equal to 500% of the nominal one. 
Shape memory alloy devices are indicated in appLi­
Figure 2.7a: Masonry wall protected with Shape Memory Alloy 
devices at the ELSA laboratory. In applications as in the bell tower 
of Trignano (RE, Italy) or the tympanum of St. Frands Basilica, 
Assisi, the Shape Memory Alloy devices are installed maintaining 
the architectural appearances of the buildings (V. Renda). 
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Figure 2.7b: Force­Displacement loops for cyclic test. Protection 
of the building is obtained through energy absorption in SMA 
device and structure. The hysteresis shows that the structure 
dissipates part of the energy. 
Figure 2.7c: Masonry wall reinforced with fibre composite 
material. The Fibres are shown in light green colour 
(E. Guitiérrez). 
Stable hysteresis loops in FRP­repaired masonry wall 
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Figure 2.7d: Force­Displacement loops of the masonry wall 
protected with fibre composite material. The structure remains 
intact. 
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cations where large displacement occurs between 
architectural elements that need to be protected. 
SMAs can also be applied to rigid structures. In 
that case, the wall shows stable crack growth dur-
ing the earthquake, and the protection system 
helps the structure to dissipate the energy. 
Pre-impregnated composite jackets 
Retrofitting of masonry walls using pre-impreg-
nated composite jackets is another method for 
upgrading the seismic capacity of masonry walls 
that was examined in ELSA. The method consists 
in applying thin skins of pre-preg fibre reinforced 
composites, so-called because the reinforcing 
plies are made from fibres already impregnated 
with an epoxy matrix. The skins with fibres ori-
ented at +45°, allow the structure to escape the 
seismic action by a stable, recoverable, mecha-
nism. The experiments showed that in the up-
graded system the shear crack mechanism is in-
hibited. Instead, a stable rocking mechanism 
(see Figure 2.7d) is activated with generating 
peak-loads comparable to SMA devices. 
Strengthening existing structures with the com-
posite fibre skins is inexpensive and has the ad-
vantage that the vertical structures of buildings 
stay intact. Unfortunately this method is not re-
versible and hence cannot be applied to buildings 
of historical value whose façade cannot be altered. 
Seismic behaviour of 
monumental structures 
(COSISMO project) 
author: A. Pinto 
In the framework of the COSISMO project (fi-
nanced by the Portuguese General Directorate for 
Monuments and jointly developed by the LNEC, 
Lisbon, and the JRC) several tests have been car-
ried out on a model of the cloisters of the Saõ 
Vicente Monastery in Lisbon. The tests on the 
retrofitted model have been carried out at ELSA 
during 1999. The test results and the subsequent 
analytical studies have shown the good deforma-
tion capacity of the column-arch system com-
monly used in many monumental structures. 
The tests on the original model have shown that 
satisfactory deformation and dissipation character-
istics of this type of structures can be expected, 
provided that a rational distribution of ties exists 
at the floor levels. The practical design of these tie 
systems, using new construction techniques and 
advanced analysis tools, are under investigation. 
The test campaign carried out on the retrofitted 
model showed that continuous-bond anchors are 
as efficient as pre-compression ties. Moreover, 
the cracking in the upper part of the model ap-
peared better spread out. In fact, distributed 
cracks appeared in the stone-masonry waLL and 
the cracks at the masonry-column interface were 
substantially reduced in comparison to the case 
without bonding of the ties. The tests have 
shown the applicability and effectiveness of such 
a kind of retrofitting in terms of deformation ca-
pacity and strength of the model. Another impor-
tant issue was the performance of the system in 
the anchors overlapping zone (2 m overlapping). 
Neither damage nor debonding appeared in this 
zone. Therefore, such a system may be installed 
in holes of small diameters drilled from both 
sides of the construction. This is an important 
advantage. However, the irreversibility of this 
retrofitting solution remains a drawback. A 
schematic representation of the test set-up and 
of the applied continuous-bond retrofitting bars 
(anchors) is shown in Figure 2.8. Detailed analy-
sis of the test results and related analytical/nu-
merical developments were published [2.15,2.16]. 
Figure 2.8: S. Vicente 
model - Test set-up and 
location of the 
continuous-bond 
retrofitting bars. 
References 
[2.14] Renda V., Verzeletti G., Magonette G., Molina G., Tirelli D., and Bono F., Activities of the European Laboratory for Structural Assessment for Seismic 
Risk Reduction in Europe, proceedings of the 2nd International Conference on Earthquake Hazard and Seismic Risk Reduction, Yerevan, Armenia, 15-21 
September, 1998. 
[2.15] Pinto A.V., Gago A.S., Verzeletti G., and Molina F.J., Tests on the S. Vicente de Fora Model - Assessment and Retrofitting, Proceedings of the Workshop 
on Seismic Performance of Built Heritage in Small Historic Centers - Assisi 99, Assisi, 1999. 
[2.16] Pegón P., Pinto A.V., and Géradin M., Numerical modelling of stone-block monumental structures, Proceedings of ECCM "99 - European Conference on 
Computational Mechanics, München, August 31 - September 3, 1999. 
Safety of Building Structures and Means of Transport and Protection of Cultural Heritage 37 
Optical Diagnostics in Cultural. Heritage 
Preservation 
introduction: M. Zürn 
Optical methods are inherently contact-less and 
non-destructive and as such they are pre-des-
tined for Cultural Heritage applications, especial-
ly in the diagnostics and information collection 
phase. Several methods can be applied and they 
differ considerably in precision, resolution, mea-
surement ranges, and cost. ISIS has developed 
both, full-field measurements of building com-
plexes and detection of micro-cracks for raw ap-
proximations and sub-micron precision measure-
ments. The experience in fibre optic sensing con-
tributed to the use of smart materials (compos-
ites with embedded optical fibres). Work results 
are published under http://tintin.jrc.it. 
Digital Photogrammetry 
author: M. Zürn 
Photogrammetry is a classical full-field measure-
ment tool, usually applied for semi-manual re-
trieval of 3D CAD information from buildings. 
Combining high-resolution photography and top-
end digitizers with modern information technolo-
gy extends this traditional tool to the automatic 
retrieval of 3D models. Furthermore, this model 
retrieval can detect changes. This is useful for 
the documentation of degradation. In our labora-
tory i t has found applications in the monitoring 
of seismic (PSD) testing as shown in Figure 9. 
Full field optical metrology 
authors: M. Whelan, C. Forno 
Moiré interferometric techniques have been suc-
cessfully introduced to monitor the deformation 
of cultural heritage structures. Their value has 
been proven in measurements on three large-
scale structures. An innovation was introduced 
with the patented Digital Moiré Subtraction tech-
nique. The institute is proud that Prof. Colin 
Forno (City University, currently visiting Scientist 
at JRC) and Dr. Maurice Whelan (JRC) were 
awarded the "Metrology for World Class Manufac-
turing Award" (1999), sponsored by the UK 
Department of Trade and Industry, for the intro-
duction of this new technique. 
Structural and material behaviour measurement of 
a hybrid beam 
Results from the application of Moiré photogra-
phy to the deformation of a concrete/gLass fi-
bre/carbon fibre beam indicated that the antici-
pated position of the neutral axis was consistent 
with its measured position using surface mount-
ed resistance gauges. However, an unexpected 
feature was detected and measured relating to a 
buckling mechanism to the side walls. This be-
haviour was not monitored by other methods, for 
example, strain gauges or LVDTs. 
Figure 2.9: Photogrammetry used to monitor a model of the 
Portuguese Monastery São Vicente de Fora during PSD testing: 
During the seismic experiment the actuator connected to the 
upper right part of the building pushes and pulls the building 
until structural damage occurs. 
The graphs show the trajectory of these four points marked by 
arrows during the experiments [2.17]. Photographs were made at 
the following actuator positions: 0 (actuator in neutral position), 
actuator pushing 20 mm to the right hand side, 40 mm to the 
left, 0, 60 right, 60 left, 0, 100 right. The photogrammetric 
(single camera) processing revealed the positions of the points at 
the above mentioned actuator states. As all the information is 
stored on photographs any other point can be chosen a posteriori 
to create such a trajectory graph. 
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Shear Measurement in a Glass Fibre Reinforced Wall 
Moiré photography showed that during in-plane 
loading of the wall, pure body rotation was sup-
plemented by the presence of uniform shear 
strain in the glass fibre wrapped region. Outside 
this area massive failure at the mortar joints was 
revealed. The effectiveness of the reinforcement 
was demonstrated and a mechanism for the shear 
was examined. 
Measurement of tilting in a column of the 
St. Vicente de Fora monastery 
Monitoring the rotation of the central column un-
der in-plane loading was carried out by Moiré 
photography together with a newly developed re-
al-time Moiré process [2.18]. This first applica-
tion of the patented method, Digital Moiré 
Subtraction (DMS) [2.19] provided on-line results 
of the rotational behaviour of the separate col-
umn (Figure 2.10). This approach has potential 
applications in other associated disciplines and in 
techniques involving optical and material studies. 
Grating Interferometry for specimen building 
material studies 
The laser-based technique of grating interferome-
try has been applied to study cracking mecha-
nisms in different quasi-brittle materials. Its 
ability to resolve sub-micron scale displacements 
on small components, combined with real-time 
measurement is an advancement on existing co-
herent light methods. I t has provided confirma-
tion of material behaviour modelling. 
Smart matenals 
authors: R. Kenny, M. Whelan, E. Gutiérrez 
An Exploratory Research Project in 1996-1998 
initiated the development of smart materials (i.e. 
materials with self-m'onitoring capabilities) for 
structural applications. ISIS followed two lines of 
development: (A) pultruded composite beams 
with embedded optical sensors and (B) tomo-
graphic analysis of composite panels through 
networks of embedded fibre optic sensors. The 
research greatly benefited from the collaboration 
of the ELSA structural mechanics laboratory and 
the Photonics Technologies Laboratory. The activ-
Figure 2.10: Application of DMS to the measurement of 
rotation of a column of the full-scale model of St Vincente 
de Fora under seismic testing. The column was prepared 
with stripe patterned paper and imaged on to a CCD camera 
array, forming moiré fringes. These were analysed in real 
time to display the movements of the column blocks. 
ity generated several projects within the ISIS 
structural engineering research and also in sup-
port of industrial applications. These include: 
• Participation in the EUREKA project "C0MRE-
HAB" on strengthening of heritage structures 
using composite materials. 
• A technology transfer project on "Shape and 
Condition Monitoring of Composite Materials 
for Civil and Aeronautical Engineering". 
• Contract research for a major European 
Aerospace manufacturer (Agusta) on the perfor-
mance of embedded fibre optic sensors in heli-
copter blades. 
• Founder member of the "FOS-EN" SMT Thematic 
Network involving over 70 European research 
groups, manufacturers and end-users of fibre 
optic sensors. 
The main result is the successful demonstration 
of optical sensors for monitoring composite ma-
terials in civil engineering and in aerospace ap-
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Figure 2.11: 
Reinforced composite 
poltruded beam under 
3-point bending 
alongside fibre optic 
test equipment. The 
experiment 
demonstrated that the 
imbedded fibre optic 
sensors characterised 
the mechanical 
performance of the 
beam. 
Figure 2.12: 
Determination of 
vibrational shapes in 
flat composite plates 
using embedded optical 
sensor networks. Peaks 
in the frequency spectra 
of embedded sensors, as 
shown for one such 
sensor in the data curve, 
allow interpretation of 
how the plates vibrate 
under given loads. The 
data can be verified by 
measurements of Pulsed 
Electronic Speckle 
Pattern Interferometry. 
Multimedia archive for 
sustainable tourism 
100 
Frequency (Hz) 
author: W. Post 
The JRC is presently engaged in a multimedia 
archiving project with the objective to provide 
tools for the usage, evaluation and recovery of 
cultural heritage. The project is performed to­
gether with the University of Basilicata and is 
part of an effort to develop sustainable tourism 
in the Basilicata region. 
The AMB (Archivio Multimediale della Basilicata) is 
an information system using a conventional rela­
tional database, based on a knowledge model that 
represents the cultural heritage of the region as a 
multidimensional network of subjectively intercon­
nected (and thus integrated) tourist resources. 
Authors of the archive can be tourist offices, com­
munities, the region, research entities and others. 
Integration of the information is done over the 
Internet, which allows for cheap and highly avail­
able communication channels. The provided dynam­
ic web page generator visualises the archive on the 
Internet following the knowledge model on which 
it is based. It will also serve as a template for even 
more advanced interrogation tools to be developed 
by future users of the system (Figure 2.13). 
plications [2.20]. The sensors are extremely sen­
sitive, robust against disturbances, and com­
pletely embedded within the components. 
Methods were developed for manufacturing and 
calibrating optical sensor systems at low cost, 
through a significant adaptation of standard tele­
com components. Another key result is the suc­
cessful mathematical modelling of sensor net­
works, permitting optimised sensor placement and 
analysis of data to obtain deformation information 
in-service [2.21,2.22]. In Figure 2.11 is shown a 
structural test of a pultruded composite beam in 
progress, while in Figure 2.12 is shown results of 
vibrational analysis of a composite panel; in both 
cases fibre optic sensors were employed to obtain 
strain and deformation information. 
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Figure 2.13: HTML page for a combined search in the 
multimedia archive for information on cultural heritage in the 
region of Basilicata. 
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Safety of Means of Transport 
introduction: C. Albertini 
The increased severity of European standards for 
transport safety (Frontal and side impact stan-
dards 96/27 and 96/79) and for environmental 
protection obliges the vehicle industry to opti-
mise crash safety design with a simultaneous ve-
hicle body weight reduction. New standards for 
injury reduction of passengers (U.S. standard No 
201) drive vehicle industry to new design of vehi-
cle interiors, while pedestrian safety requires less 
aggressive frontal parts of vehicle. European stan-
dard 1317-1-2 requires well-designed and tested 
road safety barriers assuring higher containment 
and redirection of uncontrolled vehicles. 
New high strength and low weight materials, and 
optimised passive safety structures designed with 
the use of reliable advanced crash computer 
codes, is the response of industry to the require-
ments of safety standards. Safety authorities and 
industry need the support of advanced research 
in the field of precision measurements of energy 
absorption capability under impact loading of 
new materials and passive safety structures. The 
final aim is the improvement of the material and 
structural models under impact loading, in the 
crash computer codes. ISIS provides the capacity 
to carry out this type of research by means of its 
unique Large Dynamic Test Facility and its 
Dynamic Material Testing Laboratory, up-dated by 
a considerable body of original patents and sup-
ported by advanced numerical simulation. 
Advances for dynamic testing 
author: C. Albertini 
The characterisation of new materials at high 
strain rate, like high strength sheet steel, was 
continued during 1999. Tension, compression and 
shear testing was performed in order to complete 
the data bank for the calibration of constitutive 
models used in the computer codes. 
Important changes of the mechanical properties 
and energy absorption capability at the high strain 
rates of impact loading have been noticed; an ex-
ample is shown in Figure 2.15 regarding high 
strength steel that the steel industry is developing 
and the vehicle industry attempts to implement in 
the vehicle body construction for increasing energy 
absorption by weight (thickness) reduction. 
The curves of Figure 2.15 show that the strength of 
the steel increases under impact loading with con-
servation of the same ductility; therefore it absorbs 
more energy: Nevertheless the material shows a 
pronounced yield strength peak in the first part of 
the curve with the consequence of possible peak 
load response of the passive safety structures of 
vehicles like longitudinal side members. 
The steel experimental data bank has been used 
for the calibration of material models like those of 
Johnson-Cook, Zerilli-Armstrong, Ludwik-Prandtl. 
The first two models have been implemented in 
the in-house developed FE code Plexis-3C; pre-
sent material models are not able to handle ma-
terial yield strength peaks. 
Measuring the response peaks of passive safety 
structures is difficult. I t has been tackled with 
success at JRC by extending for the first time the 
use of Hopkinson bar methodologies from materi-
al testing to structures testing. High load peaks 
of passive safety structures must be avoided as a 
possible source of injuries for passengers because 
of consequent deceleration peaks acting on the 
passenger compartment. 
The Hopkinson bar structural tests are supported by 
the numerical simulation of the code Plexis-3C; 
however structure load peaks cannot presently be 
reliably predicted by FE codes. 
Figure 2.14: The Large 
Dynamic Test Facility 
(LDTF) at ISIS. This is 
the only method 
available for 
measuring the 
complete 
deformation/energy 
absorption history 
during a fast, dynamic 
event. 
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Figure 2.15: True 
Stress/Strain curves of 
high strength steel in 
tension (0.7 mm plate 
thickness) show that 
crash energy 
absorption increases 
under impact loading. 
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The deformation of materials of passive safety 
structures in real crash conditions is least biaxial. 
Therefore a biaxial testing apparatus based on the 
Hopkinson bar technique has been developed and 
successfully used in 1999; a special cruciform 
specimen for the sheet material and for compos­
ite materials testing has been also developed. 
The design of safer vehicle interiors further re­
quires the characterisation of low density energy 
absorbing materials under impact load, like poly­
meric foams. Special Hopkinson bar equipment 
has been conceived, designed and it is now un­
der construction. The new apparatus will also 
measure the interaction between human head 
and limbs with vehicle interiors in simulators, 
where all materials involved are of low density. 
Road barrier deformation tests 
author: G. Solomos 
Safety barriers are road vehicle restraint systems, 
which are installed alongside or on the central 
reserve of a road. They are designed to restrain 
and redirect errant vehicles, according to speci­
fied performance levels of containment, for the 
benefit of both the occupants and of other road 
users. The requirements that these road barriers 
have to meet for certification are set in the rele­
vant standards, e.g. EN 1371­1­2, prepared re­
cently by the Technical Committee CEN/TC226. 
Full­scale tests involving barriers as well as vehi­
cles are prescribed in them. 
A significant impediment to developing new road 
barrier systems is the high cost of performing 
these full­scale tests. While some full­scale crash 
tests will always be needed to demonstrate that 
the devices work correctly, i t is highly desirable 
that numerical computer simulations enable en­
gineers to reliably evaluate alternative designs 
more quickly and at less cost. This can help to 
drastically reduce the number of crash tests and 
enhance designers' understanding of the perfor­
mance of the barrier. 
Our research aims to tackle exactly this aspect of 
road barrier design by validating numerical ap­
proaches and codes with precision testing at the 
Large Dynamic Test Facility (LDTF). A physical 
model of the barrier will be established by means 
of precision impact tests physically equivalent to 
those prescribed by European Standard tests, and 
further allowing accurate measurements on a real 
size safety barrier of the parameters of resistance, 
deformability and absorbed energy. The physical 
model of the barrier will then be numerically im­
plemented in computer codes, whose predictions 
of the road safety barrier behaviour will be com­
pared with the precision impact test results. 
Experiments are in preparation at the LDTF, which 
will reliably represent the main parameters of 
full­scale tests. These are: total mass of the vehi­
cle (0.9 ton ­ 38 tons), impact angle (8°­20°), 
and impact speed (65 km/h ­ 110 km/h). 
Contacts with the experts in the field have been 
made (CEN/TC226, Prof. V. Giavotto, designers) 
and the necessary modifications of the testing 
apparatus have been conceptually designed. DG 
Enterprise finances part of the project. Within 
this framework, a contract has been established 
with the Spanish Technological Centre LABEIN for 
collaboration in the area of modelling and nu­
merical simulations with Finite Element tech­
niques. In addition, the French L.I.E.R. 
(Laboratoire d'essais Inrets Equipments de la 
Route) will conduct a small number of standard 
full­scale tests. Producers of deformable road 
barriers have finally been contacted for the pro­
curement of the specimens, and the actual tests 
are planned for the first semester of 2000. 
Crash worthiness 
author: C. Albertini 
As discussed in the introduction, the measure­
ment of load peaks of passive safety structure re­
sponse is a critical check of the structure effi­
ciency. An example of the importance of the load 
peak is shown in Figure 2.16 reporting the 
load­displacement response of a longitudinal 
side member, made of the same high strength 
steel whose stress­strain curve is shown in Figure 
15. These load peaks of safety structures re­
sponse must be measured in order to take mea­
sures for their suppression or mitigation before 
they arrive to load the passenger compartment. 
(Length 500 mm, rectangular section 80x90 mm, 
thickness 0.7 mm) showing an excessively strong 
initial load peak that would cause dangerous de­
celeration on the passengers. 
A study has been assigned by DG Enterprise to 
the JRC aimed to perform precision testing with 
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Hopkinson bar methodology on the frontal part 
of a car in testing conditions equivalent to those 
of European standards 96/27 and 96/79, and to 
compare the experimental results with the pre­
diction of leading numerical crash codes. The 
comparison will also assess the present accuracy 
of code prediction of the complete crash struc­
tural response investigating the potential of code 
predictions as alternative/complementary and 
less expensive standard test. 
The study has been initiated through a contract 
with Renault, which will deliver frontal parts of 
the CLIO car as well as the reference code compu­
tational predictions. These will be compared with 
the precision impact experiments. Furthermore, i t 
will be possible to measure the occurrence of load 
peaks. Numerical modelling of load peaks of ma­
terials and structures will be attempted in order 
to have a refined evaluation of the accuracy of 
numerical code predictions. Modifications of LDTF 
needed for performing the experiments on the 
frontal part are described in [2.23]. 
A second project assigned to JRC in the field of 
crashworthiness is the development of a "Liquid 
Jet Crash Energy Absorber" (LJCEA), subject to a 
JRC patent. The project has been performed in 
collaboration with the Spanish laboratory 
LABEIN, which has provided the calculation and 
the construction of the first prototypes of LJCEA, 
successively subjected to crash tests using the 
large Hopkinson bar of JRC. From these precision 
crash tests the LJCEA performances in crash ener­
gy absorption were measured, resulting in: 
• A nearly constant load versus displacement 
curve, which assures efficient energy absorp­
tion without peaks (Figure 2.17). 
• An automatic adaptation of the energy to the 
severity of crash. Energy absorption increases 
with increasing collision speed. 
• Good energy absorption also in the case of 
oblique impact. 
On the basis of these results LABEIN has opti­
mised the LJCEA design and new prototypes have 
been installed in a CLIO car. Goal is to check the 
implementation possibilities of LJCEA in a real 
vehicle structure, and the resulting safety im­
provements during a crash under standard condi­
tions. Some preliminary basic research results of 
LJCEA have been published in [2.24]. 
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Validation of laser welding 
technology 
author: E. Ruiz­Morales 
The LASEROBOT project supported by the 
Innovation Programme, aims at validating laser­
welding technology on large, heavy and thick 
components that are commonly used in the 
transport sector. ISIS is in charge of integrating 
the heavy robotics C02 laser welding cell at the 
RIALTO facility (Figure 2.18) and of demonstrat­
ing the results to industrial partners from the 
transport sector. The most innovative aspects of 
this project are the required welding accuracy 
(0.3 mm), the thickness (over 12 mm) and di­
mensions of the work­pieces (provided and de­
Figure 2.16: 
Load/Shortening 
curves of high 
strength steel 
longitudinal beams 
Figure 2.17: 
(A) Conventional 
crash energy absorbers 
exhibit deceleration 
peaks in regular 
intervals which would 
endanger the 
passengers' safety; 
(B) The test with the 
liquid water jet energy 
absorber shows a 
progressive crash 
energy absorption 
without harmful 
deceleration peaks. 
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Figure 2.18: Two 
computer simulation 
views of a large pipe 
welding with the 
LASERBOT manipulator 
representing an 
example of a typical 
three-dimensional 
welding test case. 
Figure 2.19: Ballasts 
from the new-built 
tanker "Theodoras", 
representing a typical 
environment in which 
the ROTIS ROV (see 
figure Figure 21) is 
supposed to navigate. 
Figure 2.20: Section 
of the new-built 
tanker "Theodoros". 
Ballast tanks are 
shown in light blue 
colour. They give 
access to virtually all 
the plates, which have 
to be inspected 
periodically according 
to the International 
rules and regulations. 
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signed by FRAMATOME), and the integration of 
this complex laser-welding cell through GENERIS, 
the ISIS software control platform. 
The laser-welding cell equipment consists of two 
robotics manipulators (RIALTO and GAER), a laser 
transmission system by air (from RTM), a seam 
tracking system (from GAER), a work-piece con-
veyor a 12 kW laser source power control. Several 
advanced tools for calibrating, simulating, pro-
gramming and monitoring have also been devel-
oped and used. The year 1999 has been devoted 
to the RIALTO facility preparation and testing for 
the final integration and testing of partner's 
equipment scheduled for early 2000. 
Remotely operated tanker 
inspection system 
authors: F Andritsos, M. Fenici 
The ROTIS (Remotely Operated Tanker Inspection 
System) project deals with the design, develop-
ment and testing of a novel remote inspection 
system for tankers. This system is based on a 
small ROV (Remotely Operated Vehicle) capable 
of navigating inside the ballast tanks of tankers 
and other cargo vessels, through the standard 
man-holes and openings and perform the close 
visual inspection and thickness gauging required 
by the classification societies during the periodic 
vessel inspections (Figure 2.19, 2.20, 2.21). 
Successful implementation of ROTIS is expected 
to lead to enhanced, safer and cleaner inspec-
tions, contributing to a safer and environmental-
ly benign navigation. The JRC had initiated the 
project. Within the consortium, i t is responsible 
for the requirements, the system specifications as 
well as for the preliminary tests and system cali-
bration, which are due to take place in a specifi-
cally designed mock-up inside a test-pool, con-
structed in the RIALTO heavy robotics facility. 
Figure 2.21: 3D model 
of the ROTIS ROV for 
remotely operated 
tanker inspections. 
Automation and Integration 
of Processes in Shipbuilding 
(AIPS study) 
authors: F Andritsos, J. Perez Prat 
On behalf of DG Enterprise, ISIS performs a study 
on "the Automation and Integration of Processes 
in Shipbuilding; State-of-the-art Report". The pur-
pose of this EU wide state-of-the-art study is to 
obtain an overview of the technology of the pro-
duction processes in view of a competitive and 
sustainable European shipbuilding industry. The 
key objectives are: 
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• To identify the technologies in which invest-
ments are likely to be more productive in in-
creasing the competitiveness of the European 
shipyards. 
• To identify the actions and measures that are 
more appropriate in order to enhance the nec-
essary R&D efforts. 
• To identify sectors from which shipbuilding can 
profit in terms of Technology Transfer and the 
actions that would help developing the neces-
sary synergies. 
The study covers the shipbuilding technology and 
the related R&D, encompassing all the EU coun-
tries plus the new member states and, wherever 
possible, providing information on US, Japan, 
Korea and China. I t is combined with the activi-
ties of the ROBMAR thematic network (ROBotics 
for the MARitime Industries - BRITE TN type 2) 
for which JRC-ISIS (F. Andritsos) is the scientific 
coordinator. 
Figure 2.22: From the visit of the CESA working group on co-operation at the "Chantiers de 
l'Atlantique" at St Nazaire (F); the JRC was given the opportunity to participate in the 
activities of the above group in the frame of the AIPS study. 
Computational Mechanics for 
Structural Safety 
introduction: M. Géradin 
Numerical modelling is today indispensable in 
any context dealing with structural safety assess-
ment. To this end ISIS uses and develops two 
large computer code systems: CASTEM 2000 and 
PLEXIS-3C. The major part of the research carried 
out in Computational Mechanics is conducted as 
direct support to ISIS's experimental activities in 
structural dynamics. This includes test design, 
pre-calculations, monitoring aid, analysis of re-
sults and validation and calibration of structur-
al/material models. Specific know-how is further 
exploited in various activities, some of which be-
ing reported hereafter and serves also as an ex-
cellent basis for independent expertise. 
Fluid-structure interaction 
author: F. Casadei 
dustrial applications that have been solved by 
our industrial partners, mainly ENEL-PIS. A simu-
lation of an electric arc in a current transformer 
has been performed at ENEL-PIS using PLEXIS-3C 
(Figure 2.23). The internal arc produces pressure 
waves that hit the magnetic core. When the over-
pressure reaches the rupture disk, this fails and 
the excess gas is discharged. The iron tube which 
supports the magnetic core is deformed plastical-
ly, and the core moves towards the metallic cap. 
Results have been published [2.25-2.27]. 
Continuous pseudo-dynamic 
testing with non-linear 
substructuring 
author: P. Pegon 
The activity on FSI has consisted in further re-
finement and generalisation of the numerical 
models, especially in conjunction with large in-
The European Laboratory for Structural Assess-
ment (ELSA) has developed the new continuous 
PseudoDynamic (PsD) technique and has realised a 
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Figure 2.23: "PLEXIS­3C numerical simulation of the mechanical effects of an electric arc 
in a current transformer. (Courtesy of ENEL­PIS) ". 
system designed to perform fast non­linear sub­
structuring pseudodynamic tests. This will open 
the way for accurate testing of the earthquake re­
sponse of structures outfitted with various compo­
nents having velocity­dependant restoring forces. 
The objective is to create a dynamic testing sys­
tem in which only the critical components of a 
structure, at full or large scale, are mounted in the 
laboratory and loaded at high rate by the forces 
and displacements produced by the surrounding 
structure, which is modelled numerically. 
Significant improvements in the PsD integration 
scheme, in the hardware architecture and in the 
control algorithm of the servo­hydraulic system 
are proposed to fulfil this objective. 
The continuous PsD testing is implemented by 
means of a synchronous process with short control 
period (1 ms) and small time step. Some intrinsic 
and challenging difficulties related to the imple­
mentation of substructuring have been solved and 
experimental results obtained at ELSA showed the 
effectiveness of the new technique [2.28]. 
This study is realised under the execution of an 
EU Research Project focused on "Further 
Developments in Dynamic Control of Earthquake 
Engineering Facilities" and involving the collabo­
ration of the JRC , the University of Bristol (UK) 
and the Laboratòrio Nacional de Engenharia Civil 
(LNEC­Lisbon). 
Development of numerical 
models for structural acoustics 
author: P. Capéran 
Structural acoustics is a multi­physical discipline 
of growing importance in engineering, with many 
implications in the society of today. In particular, 
noise reduction is a very challenging problem for 
which developing very accurate models, including 
active vibration control, is mandatory. The same, 
generic modelling tools can be applied success­
fully to a large class of environmental an/or en­
gineering problems. Their development at ISIS is 
currently tested on the very specific application 
of particle coating. 
When submitted to a sonic field, aerosol particles 
tend to agglomerate into bigger ones. This phe­
nomenon can be used in various industrial 
processes (e.g. air filtration, particle engineer­
ing). An extensive experimental database quanti­
tatively documenting this phenomenon (in the ul­
trasonic frequency range) was already available. To 
perform an advanced interpretation of these data, 
new methods and tools have been developed: 
• A suitable identification technique (developed 
under Maple) to quantify the agglomeration co­
efficients between particles of different size. 
• A numerical model, based on finite element 
discretisation, describing properly the coupling 
between the acoustic source (of complex geom­
etry) and the agglomeration chamber. 
For the present application, the combined use of 
these tools will bring a thorough understanding 
of acoustic coating, permitting the design of op­
timised acoustic processing devices. 
At longer term, disposing of these tools will give 
to ISIS the capability to treat a relatively Large 
class of acoustic problems. 
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Safeguarding against the 
Proliferation of Nuclear 
Weapons 1 
editor: A. Poucet 
Irrespective of reduction or growth of nuclear energy, the European citizen is worried about the potential threat to public safety from the accumulated nuclear materials from nuclear weapons proliferation, and from ill icit trafficking of nuclear materials and other radioactive materials. Verification and control related to non proliferation 
of nuclear materials is performed by the Euratom Safeguards Office (ESO) of the European 
Commission within the context of the Euratom treaty, and by the International Atomic 
Energy Agency (IAEA) within the context of the Non-Proliferation treaty. 
ISIS gives scientific, technical and training support to ESO and IAEA, and supports the 
Russian Federation and other CIS countries in establishing a system of nuclear materials 
accountancy and control which is comparable with the Western standards in terms of effi-
ciency and effectiveness. ISIS also carries out underpinning research and development in a 
number of areas that are relevant to nuclear materials accountancy and control, and to 
other verification activities in the framework of non-proliferation of weapons of mass de-
struction (WMD). 
Mass/Volume Measurement 
Techniques (TAME Laboratory) 
author: B. Hunt 
The Mass and Volume Measurement Techniques 
Support Program to IAEA concerns a safeguards 
system for the Rokkasho Reprocessing Plant in 
Japan. This is a joint task carried out with the 
JRC, IAEA, US DOE Brookhaven National 
Laboratory and NMCC (Nuclear Materials Control 
Centre Japan). A two-week predefined experi-
mental campaign was carried out jointly in June 
in Japan at the LASTAC facility, which simulates a 
large reprocessing input vessel. A vast amount of 
data relating to tank calibration, recalibration, 
verification and influencing plant operational pa-
rameters were collected for detailed independent 
analyses. A preliminary meeting to discuss the 
results is scheduled for January 2000. Figure 3.1 
shows the JRC developed instrumentation 
utilised in the exercise. IAEA personnel were also 
trained on their recently acquired JRC portable 
pressure measurement instrument in May. 
A support program task with ESO has been elabo-
rated after a consultative visit to La Hague in 
Figure 3.1: JRC developed instrumentation for measuring tank filling in the NMCC Japan 
facility. 
which all the parameters have been defined to 
provide technical know-how and measurement 
equipment for the verification of 10 large tanks 
currently being installed in La Hague. A plan has 
been drawn up taking into account the operator's 
planning for tank avaiLability for inspector's us-
age. Equipment will be prepared by the JRC ready 
for April 2000 with supplementary training given 
to ESO inspectors, scheduled for both March and 
May 2000. In addition, long term monitoring 
equipment was provided for ESO in La Hague on a 
temporary basis in order for their staff to ac-
quaint themselves with installation, data gather-
ing and eventual analysis as well as the overall 
performance of the equipment compared to their 
presently utilised system. The demonstration and 
setup of the equipment was carried out in 
November with on the spot training. 
Support has continued to TACIS via a training 
course for Russian personnel at Ispra on 
mass/volume methodology in bulk handling facil-
ities for calibrations/verifications and tank moni-
toring. Emphasis was also placed on support ac-
tivities to the Ulba conversion and fabrication fa-
cility in Kazakstan. On the basis of an analysis 
made on the situation in the ULBA conversion 
and fabrication lines, a project plan was estab-
lished to improve on: 
• Mass/Volume determination of liquids in a large 
number of tanks 
• Procedures for calibration and data evaluation 
for weighing scales 
• Sealing and identification techniques 
• Surveillance techniques 
In the field of R&D a prototype instrument PIMM 
(Pressure Instrument Measurement Module) [3.1] 
has been produced at the JRC, see Figure 3.2. 
PIMM has been designed particularly to meet the 
objective of minimising interference to the plant 
operator whilst maintaining the requirements of 
an inspector. PIMM is a compact and lightweight 
pressure measurement acquisition device de-
signed to perform unattended monitoring of 
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tanks in reprocessing and/or fabrication facili­
ties. An EPROM and battery supply allow the sys­
tem to be installed in a facility without cable 
connections. The only connections needed are 
those made in routine operations by connecting 
in parallel to the operator's air-flow lines, in or­
der to measure the pressure in the level, density 
and reference probes of the tank. Cable connec­
tions can be made via a portable computer to 
start the software acquisition parameters and 
subsequently to download the data for analysis. 
Figure 3.2: A 
prototype pressure 
instrument module 
was designed for 
accurate in-field 
measurement of liquid 
mass and volume in 
tanks (PIMM). 
Non-Destructive Assay in the 
PERLA laboratory 
authors: R. Berndt, Β. Pedersen, M. Thornton, P. Schillebeeckx 
The Non-Destructive Assay (NDA) related Safe­
guards activities are executed in the PERLA 
(PERformance LAboratory). PERLA is a unique in­
ternationally recognised facility in the European 
Union, housing an extensive collection of well-
characterised nuclear reference materials and in­
strumentation. In PERLA NDA systems, methods 
and techniques are characterised, validated, cali­
brated and used for training. To achieve this aim, 
PERLA instrumentation and infrastructure is con­
tinually updated and improved. During 1999, new 
reference material was procured and the laboratory 
is undergoing a transition, which will more clearly 
define its role in nuclear measurement techniques. 
Calorimetry 
author: M. Thornton 
In the field of calorimetry, PERLA has strength­
ened its instrumental base by upgrading its 150 
mm-diameter plutonium calorimeter. This has re­
sulted in a significantly improved base power sta­
bility, due to improved thermal insulation of the 
measuring chamber and incorporation of new low 
noise electronics. A new small sample calorimeter 
(SSCAL, see Figure 3.3) specified by ISIS in 1998 
has been delivered and is undergoing extensive 
testing and "fine tuning", which will continue in­
to the next year. This brings the number of 
calorimeters in PERLA to three, and allows sam­
ples from less than one gram to several kilograms 
to be measured by this technique [3.3]. The SSCAL 
compliments the other two by allowing samples of 
less than 1 gram, with heat outputs of only a few 
mW, to be measured with an expected precision of 
less than 0.2%. This level approaches that of plu­
tonium assay by destructive analysis. The 
calorimeter relies on thermopile technology for 
temperature measurement and control, and is a 
radical change from the traditional nickel sense 
windings, which have been used for many years. 
Figure 3.3: The new 
Small Sample 
Calorimeter (SSCAL) 
allows the 
characterisation of 
samples as small as 
lg of plutonium at 
0.2% precision. 
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Passive neutron assay 
authors: B. Pedersen, P. Schillebeeckx 
Gamma spectroscopy 
author: R. Berndt 
Figure 3.4: The Rossi­
alpha distribution for a 
random 24,AmLi(a,n) 
neutron source. The 
results of the data 
obtained with the new 
amplifier­discriminator 
circuit, plotted here for 
three different shaping 
times τ and compared 
with the Amptek board, 
shows that the new 
circuit approaches 
better the rectangular 
form of the ideal 
distribution for random 
neutron sources. 
Concerning the passive neutron correlation tech­
nique, data analysis for measurement campaigns in 
installations were improved. Results indicate the 
possibility to improve existing detector design. A 
design analysis of a new high efficiency detector 
was initiated using Monte Carlo simulation. The 
code used includes a complete pulse train analysis. 
The simulations of fission neutron multiplicity dis­
tributions is significantly improved [3.4]. This 
work is expected to result in a new prototype high 
efficiency counter during next year. 
To improve the performance of such neutron de­
vices, a new amplifier­discriminator circuit has 
been developed in collaboration with the Politec­
nico di Milano. The circuit has been especially 
designed for a better determination of the sys­
tem dead­time of passive neutron counters, used 
for the absolute determination of the Pu mass 
based on the analysis of neutron signal multi­
plets [3.5]. In Figure 3.4 the performance of the 
amplifier­discriminator circuit, for three different 
shaping times, is compared with the performance 
of the Amptek board mostly used by Safeguards 
instrumentation manufacturers. Figure 3.4 repre­
sents the Rossi alpha distribution for a 
241AmLi(a,n) random neutron source. The mea­
surement data show that, compared to the 
Amptek board, the time resolution is improved by 
a factor 2 and the new circuit is less sensitive to 
the loss of neutron events from double­pulsing 
signals. The implementation of the electronics in 
a passive neutron counter is foreseen in 2000. 
As part of its support to the Euratom Safeguards 
Office, new commercial multiplicity counters un­
derwent performance evaluation testing in PERLA 
before their installation in­field. Also a service is 
provided in which ISIS specialists accompany nu­
clear inspectors to deal with measurement prob­
lems during auditing. This has included physical 
inventory verification (PIV) measuring campaigns 
at one MOX and two low enriched uranium (LEU) 
fuel assembly fabrication plants in Europe. 
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In the framework of spent fuel characterisation, 
efforts were made with the development of a 
Spent Fuel Attribute Tester. 
This under water measurement system is 
equipped with a room temperature Cadmium Zinc 
Telluride detector (CZT). Compared to classic 
gamma radiation detectors, these detectors are 
still under development. New detector types ap­
pear frequently, and the users are always con­
fronted with different properties. As a conse­
quence, up to now there are no adequate highly 
developed spectrum unfolding codes available to 
deliver a quantitative analysis of the spectra. 
The spectra obtained with the CZT detectors are 
complicated and their features depend strongly 
on the considered detector specimen. The peak 
shapes are not simple Gaussian due to the 
physics of electron and hole transport properties. 
They are asymmetric with a Long low energy tail. 
In this context, a spectrum evaluation algorithm 
was developed for a special large volume CZT de­
tector type to allow characterisation of spent fu­
el· in safeguards inspections. Its application 
makes possible the determination of parameters 
such as cooling time and burn­up of the fuel by 
applying a non­Linear least­squares fitting proce­
dure to the 550 ­ 850 keV region of the spectra 
(Figure 3.5). I t makes implicitly use of a set of 
fitting parameters calibrated as a function of en­
ergy with points sources and takes into account 
scattered radiation from the shielding material 
between the fuel rod and the detector or the 
background radiation due to surrounding ele­
ments [3.6]. 
In support to the IAEA a gamma ray spectrum l i­
brary was determined in PERLA using items with 
a wide range of isotopie composition, chemical 
form and total plutonium or uranium mass. This 
library allows the comparison of different gamma 
anaLysis codes [3.7]. 
550 600 650 700 750 800 850 
Energy/keV 
Figure 3.5: Gamma radiation spectrum measured with a CdZnTe 
detector and functions used for the fit. 
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SILab: Sealing and Identification 
techniques Laboratory 
author: B.C. d'Agraives 
SILab specialises in developing ultrasonic seals 
(for instance: sealing-bolts) for safeguards appli­
cation which have unique marks for identification 
and for detecting unauthorised manipulations. 
Characteristic for metal seals is their raggedness 
against environmental influences, even in fuel 
ponds, and their high stability over many years. 
ESO and IAEA both use sealing devices on stor­
age containers in La Hague and Sellafield. 
Assistance was provided during the Physical· 
Inventory Verification (PIV) in THORP (Sellafield) 
involving support to inspectors and some tests 
on site as well as preparing special measuring 
tools. Ad hoc dedicated software for both La 
Hague and Sellafield sites was delivered. Delivery 
of 40 special MK-6 seaLs for ESO to be applied in 
la Hague was prepared. 
Based on requests/needs from potential cus­
tomers intended at exploring the suitability of 
such technologies to specific applications, R&D 
was performed in the fields of ultrasonic and op­
tical techniques: 
• A new mechanical concept for "Sealing-Bolts" 
or "Sealing-Nuts", incorporating an improved 
mechanism for the "breakage" of the seal when 
i t is removed (or attempted to remove); to be 
used, for instance, at Sellafield BNFL (UK) or La 
Hague COGEMA (F) storage ponds, or on dry 
storage containers. 
• A new optical equipment was specified to build 
dedicated prototypes based on the SPECKLE ef­
fect of surface textures and using HeNe Lasers 
or Laser Diodes, in view of the Identification of 
valuable/sensitive items in air or underwater. 
Tests were very successful with high repeatabil­
ity with either system, the latter being more 
compact and precise. A patent is pending. 
• Based on promising results obtained in 1998, 
prototypes were built and then patented for a 
completely new system allowing the direct 
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identification of a structure, such as a contain­
er or a fuel assembly, by means of a small 
metallic insert (token) which embodies an ul­
trasonically readable "code". Such system could 
allow the suppression of the conventional num­
bers "engraved" or "painted" on the structures. 
Patent granted. 
• As an extension of the previous, a prototype for 
a new Sealing­Bolt concept was built which 
would embody in its head two features: an 
analogous "fingerprint" and a digital "code", 
both readable with a special "double ultrasonic 
Reading Head". This technique would allow an 
inspector to directly know which seal he is ver­
ifying and avoid errors such as misreading the 
conventional inscriptions/numbers on contain­
ers. Patent pending. 
A 230,000 Euros long term third party work con­
tract has been negotiated and eventually signed 
with two Japanese companies (Hitachi and 
Toshiba) in which SILab is due to study a special 
FAUST (Fuel Assembly Ultrasonic Sealing 
Technique) suitable for the Japanese BWR Μ0Χ 
Fuel design. The work will start in February 2000 
when the necessary mock­up will be provided to 
Ispra (see Figure 3.6). 
A Sealing System for the UF6 drums in use by the 
Brazilian Navy was studied and proposed to 
ABACC (the Brazil Argentina Agency for Control 
and Accountancy). 
In the framework of TACIS (Technical Assistance 
to Community of Independent States) a 
Demonstration Set was developed, destined to 
the IPPE (Institute of Physics and Power 
Engineering) Obninsk Training Centre in Russia. 
The delivery is planned for early 2000 and will 
include two reading units associated to two 
portable computers, specially equipped with ad­
hoc ultrasonic/electronic cards, as well as a se­
ries of dummy Sealing­Bolts for training. Figure 3.6: Left: 
Meeting in Tokyo with 
Hitachi and Toshiba 
Colleagues while 
negotiating the 
Contract on M0X Fuel 
Sealing Systems. 
Middle: Laboratory 
test mounting for the 
Identification of 
Surface Textures by 
"Speckle" Effect, 
using a Laser Diode. 
Right: Two 
"measures" of the 
same area are shown. 
Safeguarding against the Proliferation of Nuclear Weapons 51 
Transponder based identification 
author: C. Korn 
Figure 3.7: View of 
the Passive 
Transponder Seal. 
Figure 3.8: Close view 
of a drum tagged with 
passive radio-
frequency 
transponder. 
A new multipurpose passive radio-frequency 
transponder [3.8,3.9] seal (Figure 3.7) was devel­
oped and patented (International Patent no. 
99402256.4). This new passive seal uses the 
same installation principle as the well-known 
Copper Brass (i.e. wire needed). Using a portable 
radio-frequency reader, i t is now possible to read 
the two identification numbers inside the seal 
without detaching i t and bringing i t back to the 
headquarter. This new seal technology presents a 
simplification and gain of time of the inspector 
and headquarter jobs. 200 seals were delivered 
and tested by the Euratom Safeguards Office at 
the end of 1998 and 50 other samples were test­
ed by the IAEA (Vienna) during 1999. Following 
the overall satisfaction of the end users, 4000 
pieces were ordered for real field application, to­
gether with a specifically designed software for 
the portable reader which can be directly linked 
with the Headquarters' Central Data Base. 
Another application of the transponder technolo­
gy for Safeguards is the use of tags. In order to 
trace samples from the sampling plant to the 
analysis laboratory in reprocessing plants, 30 
samples bottles were equipped with FDX passive 
transponders and are actually under evaluation 
by Euratom Safeguards Office. The identity of a 
bottle transported inside a pneumatic transport 
system is for the moment read at the entrance of 
the pneumatic tube and when it arrives at the 
glove box. The next step will be to trace the 
sample bottle continuously all along its trip. 
The second application of passive radio-frequency 
transponder tags is the identification of metallic 
drums such as U containers. Transponders are stuck 
directly to the drum and read automatically with 
portable and/or stationary readers, specially de­
signed (in terms of radio frequency tuning) to op­
erate with metallic surfaces (Figure 3.8). This 
technology allows a quick and reliable inventory of 
storage rooms as well as control for the input and 
output of containers inside nuclear storage rooms. 
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Surveillance and Monitoring 
Augmented reality in 
surveillance 
authors: V. Sequeira, J. Gonçalves 
Augmented Reality techniques have been applied 
in Safeguards to improve the presentation of sur­
veillance images and to ease the location and the 
configuration setting of surveillance cameras 
[3.10]. The problem in multi­camera systems arises 
from the difficulty for a Safeguards inspector in 
providing spatial context to the images from dif­
ferent cameras. This requires good spatial knowl­
edge of the premises being surveyed, as well as 
the detailed knowledge of the location of each 
camera. Spatial Context can be achieved by com­
bining live images from the environment with an 
"a priori" 3D model of the environment. Photo­re­
alistic 3D representation of the remote environ­
ment combined with the real­time video surveil­
lance streams provide a good spatial context for 
the observation of the images. The end­user can 
thus perceive the environment from any viewpoint. 
The capability of observing the environment from 
any position enhances the perception of the re­
mote site, eases the interpretation of events and is 
considered of great importance in applications of 
training and/or remote surveillance. 
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Figure 3.9: Multi­Camera Surveillance ­ Pilot implementation using two cameras. The 3D 
model of the surveyed environment is overlaid with the real­time video surveillance 
images. This provides spatial context for an easier interpretation. 
Authentication in 
surveillance 
author: J. Gonçalves 
Safeguards applications require the authentica­
tion of scenes under video surveillance. To pre­
vent possible scene tampering, a laser device as­
sociated to the conventional video surveillance 
adds the verification of the third dimension 
(depth). The authentication of surveyed scenes is 
based on the real­time analysis of distance pro­
files originated from a self­illuminating laser 
scanner [3.11]. Whenever profile discrepancies 
are detected, the surveillance camera is trig­
gered. An optional infrared illuminator can be al­
so coupled to the system to compensate for illu­
mination blackouts. The extended level of securi­
ty provided by the Laser Surveillance System in­
creases the confidence in a surveillance installa­
tion (see Figure 3.10). 
Figure 3.10: Laser 
Surveillance System 
constituted by a 
camera (1), an 
Infrared illuminator 
(2) and a laser range 
scanner (3). 
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Portable digital surveillance 
system (CODIS) 
author: F. Sorel 
Verifier of metal cap seal 
images (CIVES) 
author: F. Sorel 
Figure 3.11: The 
portable digital 
surveillance system 
CODIS with the very 
compact PC based on 
the industry standard 
PCI 04+. 
CODIS is a compact digital· surveillance video sys-
tem built of commercially available of-the-shelf 
components. ISIS integrated the system and de-
veloped the application software to meet the 
specific safeguards requirements, in particular 
the security aspect of image authentication as 
well as the unattended recording over long peri-
ods. The system comprises mainly a standard col-
or camera and a very compact PC based on the 
industry standard PC104+. I t supports the con-
nection of several acquisition stations and a re-
view station over Ethernet. The software allows 
the remote configuration of the acquisition sta-
tion from the review station through an easy 
graphical interface for the safeguards inspector. 
The configuration settings include the recording 
mode and the compression rate of the digital 
video images. A prototype system was tested 
with success by ESO staff and the test results are 
used to complete the software development. 
Figure 3.12: The verification station CIVES for metal cap seals comprising the image 
acquisition part with the special seal illuminator and the image archive unit. 
The last generation of the ESO verification station 
for metal cap seals has been completed. The major 
improvements are the new storage medium on high 
capacity DVD disks and the possibility to compare 
the reference and live seal images either by soft-
ware or by a video mixer. The application software 
includes the conversion modules for copying the 
images recorded in the previous years on optical 
disks to the new storage medium. The new station 
can process either colour or black-and-white im-
ages recorded by the older verification stations. 
Syclop Detector activities 
authors: P. Guilmain, C. Korn, G. Azzalin 
New developments were conducted 
on the Syclop detector (heat flux 
sensor based detector) in order to 
trigger a digital camera when an 
intrusion is monitored. The first 
prototypes gave very good results. 
Satellite monitoring 
author: A. Poucet 
The recent availability of commercial high-resolu-
tion satellite images (with Ground Sampling 
Distance - GSD of 1-2 meter) opens new perspec-
tives on the use of such images for safeguards 
purposes. A first study [3.12] was launched on 
the potential use to support verification of site 
declarations made in the context of the strength-
ened safeguards regime (INFCIRC/540). A proto-
type application was developed that allows to in-
tegrate satellite images with other geo-refer-
enced information (road infrastructure, buildings, 
site maps), to represent and explore nuclear site 
data in a geographically oriented data base, and 
to verify the consistency with declared data. 
In this prototype application, satellite images 
from 2 sources were used: 
• The Indian IRS-1C satellite, PAN sensor 
(panchromatic single band, 6 bits radiometric 
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resolution, spatial resolution 5.8 m per pixel) 
and the LISS sensor (multispectral). 
• The Russian SPIN­2 missions using the KVR­
1000 instrument (panchromatic on photograph­
ic film, spectral range of 510­760 nm, spatial 
resolution around 2 m per pixel). 
Further work will involve the use of high­resolu­
tion images (1 m spatial resolution) from the 
IK0N0S­2 satellite. 
Secure Data Transmission 
author: J. Gonçalves 
A data encryption architecture was studied to al­
low transmission of Safeguards relevant data using 
public communications networks [3.13]. This ar­
chitecture is based on the clear separation of en­
cryption at all levels in the system, i.e., sensor 
data, data transmission and data archival. A pro­
totype system using this encryption architecture 
was implemented and thoroughly tested between 
Ispra (Italy) and Luxembourg (see Figure 3.14). 
A second activity concerned the design and devel­
opment of a software package for monitoring the 
performance of the encrypted data transmission 
over ISDN network. Several statistical parameters 
are considered, such as: availability, time to dial, 
delay and throughput. Before setting up a specific 
Safeguards data link, it becomes thus possible to 
evaluate the data communication characteristics 
of the point­to­point connection according to dif­
ferent architectural aspects, including the pres­
ence of encryption devices, time­of­the­call. 
Figure 3.15 shows the delay and the transmission 
throughput of an ISDN connection depending on 
the presence of a hardwired encryption device. 
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Figure 3.13: On the left side (view 1) the satellite image of a nuclear power station is 
shown. On the right side (view 2) the site map as given in the site description is shown. 
The information in the site map is vedorised to create graphical objects that represent the 
buildings and main infrastructure and that can easily be overlaid on the satellite image. 
Even minor features can be easily recognised. 
Speed vs Size 
Figure 3.15: ISDN 
Monitoring -Measured 
data throughput and 
speed as a function of 
packet data size, and 
presence of encrypting 
devices. 
1000 1500 
Size (Bytes) 
Figure 3.14: 
Description of the 
pilot secure 
communications 
system implemented 
between Ispra and the 
ESO headquarters at 
Luxembourg. 
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Remote Inspection and Teleoperation 
for Advanced Storage Areas 
author: E. Ruiz-Morales 
Figure 3.16: 3D 
simulation of a 
robotics inspection 
operation. 
Figure 3.17: Real view 
of robotics handling 
operation. 
The control of large size storage areas with very 
high strategic material will become an important 
issue after the dismantling of nuclear weapons 
and their probable release to the international 
verification regime. ISIS has undertaken a 
preparatory research activity dealing with the au-
tomation of these advanced storage areas that 
are hazardous for human inspection. 
A prototype robotics system in a simulated envi-
ronment is under development at the RIALTO lab-
oratory (Figures 3.16, 3.17). The aim of the pro-
totype system is to study and assess advanced 
teleoperation techniques and tools that would fa-
cilitate remote inspection and remote handLing 
operations. For instance, the studies cover the de-
velopment and use of remote real-time monitor-
ing through computer simulation tools (as Virtual 
Robot), the development of safety-critical super-
visory and control system architectures for robot-
ics and automated systems, and the study of hu-
man-computer interfaces for remote inspection. 
The developed robotics prototype is also aimed as 
a training and demonstration platform for inspec-
tors and TACIS projects in nuclear safeguards. 
One important tool in this project is the software 
GENERIS developed for the supervision and con-
trol of robotics and automated equipment. I t is 
an innovative real-time software package with a 
modular and opened architecture to control virtu-
ally any type of robotics cell. New computer sim-
ulation and programming tools are under devel-
opment for complementing GENERIS to the de-
scribed application in advanced storage areas. 
The next step will deal with application using a 
reference structure of a plant. This reference 
structure will include vertical storage cells with 
(simulated) nuclear material containers of differ-
ent sizes. The tests on the reference structure 
will allow to refine the simulation tools and pre-
pare the future in-field tests. 
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Environmental testing (TEMPEST Laboratory) 
author: C. Korn 
The TEMPEST (Thermal, ElectroMagnetic and Phys-
ical Equipment Stress Testing) extended its activ-
ities in terms of Electromagnetic Compatibility 
immunity and measurement testing as well as in 
the field of mechanical shocks and vibrations, in-
stalling new generators and measurement instru-
ments to be able to perform tests based on new 
international standards. 
The accreditation process of the TEMPEST labora-
tory according to quality standard EN 45001 was 
concluded in October 1999 with an external 
COFRAC (COmité FRancais d'ACcréditation) audit 
and with its official accreditation in December 
cofrac 1999. TEMPEST laboratory is now the 
first thermal and electromagnetic test 
laboratory of the ISIS worldwide recog-
nised under EN 45001 quality standard. 
The accreditation number is n* 1-1037. 
During 1999, the activity of the TEMPEST 
laboratory increased in terms of number of 
Safeguards equipment and devices tested, mainly in 
support to IAEA. As examples, one can speak about 
the electromagnetic (radiated and conducted im-
munity and emission) tests conducted on IAEA's 
DS0S [3.14], ALIS and DCM-M3 [3.15] surveillance 
systems, thermal, humdity and mechanical tests 
conducted on the JRC passive transponder seal 
[3.16] as well as on its reader and on the IAEA's 
DCM-M3 surveillance system. 
The TEMPEST laboratory also set up in 1999 a 
new qualification test procedure [3.17] for 
Safeguards equipment in collaboration with the 
Euratom General Directorate and the IAEA 
(Vienna). This new Euratom/IAEA common test 
procedure based on various electromagntic, ther-
mal and mechanical test standards is now the ba-
sic acceptance reference document for new devel-
oped Safeguards equipment and systems. 
International Cooperation 
author: C. Foggi 
The European Safeguards Research and Develop-
ment Association (ESARDA) is the cornerstone of 
the Safeguards cooperation with other organisa-
tions in Europe. In 1999, ESARDA organised its 
21st Annual Meeting [3.18] in Sevilla. I t was its 
largest symposium ever with 230 participants and 
142 presentations. This is a tangible sign that the 
safeguards community needs, more than ever, a 
forum for exchanging experience and information. 
The support program to the IAEA remains the 
principle mechanism for cooperation outside 
Europe. Specific coordination and information ex-
change meetings were held also with the US 
Department of Energy (DoE) and with the Brazil-
Argentinean Safeguards organisation (ABACC). 
Through JAERI, exchange of information with 
Japan is maintained. 
Cooperation with Russia and Kazakstan is per-
formed in the framework of the various TACIS safe-
guards projects that are coordinated by ISIS. 
Besides the two training centers mentioned be-
fore, ISIS coordinates the projects on the imple-
mentation of nuclear material accountancy and 
control equipment at the Ulba fuel fabrication fa-
cility in Kazakstan, and on safeguards instrument 
devleopment in Russia. ISIS has started to prepare 
a project for enhancing safeguard systems on pilot 
plants in Kursk (RBMK) and Kalinin (WER). 
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Training 
author: S. Guardini 
Figure 3.18: View of 
the PERLA Safeguards 
training laboratory. 
Inspectors have the 
opportunity for hand-
on experience with 
different kinds of non-
destructive 
instruments. 
Inspector training 
The ISIS safeguards activities are a strong basis for 
providing training in the techniques of verification 
of accountancy for plutonium and uranium in nu-
clear facilities. ESO makes extensive use of the 
training capabilities. The ISIS training course 
menu includes about 15 courses covering for exam-
ple, passive and active neutron measurement 
methods, gamma spectrometry techniques for iso-
topie composition, calorimetry, mass and volume 
measurements for liquids in accountancy tanks as 
well as courses dealing with the practical proce-
dures of verifying an inventory and subsequent da-
ta processing. These courses rely heavily on ISIS 
specialists in nuclear instrumentation as well as of 
the availability of a wide range of nuclear samples 
in the PERLA laboratory. In most courses for ESO, 
the instruction is a combined effort from ISIS spe-
cialists and experienced staff from ESO itself. The 
Euratom Safeguards Office is not however the only 
client of these training courses as some of the ISIS 
courses for ESO are also attended by IAEA inspec-
tors. During 1999, ISIS gave a total of eight cours-
es of different types for ESO and IAEA participants. 
In the framework of ISIS support to the develop-
ment of similar training in Russia (see below), 
courses are also organised for Russian scientists 
who will be instructors in the Russian training 
centre. During 1999, ISIS provided four courses 
for Russian participants. These covered neutron 
collar measurements and calorimetry in the PER-
LA laboratory (Figure 3.18), and tank mass/vol-
ume measurements at the TAME laboratory 
(Figure 3.19). 
Multimedia 
Throughout their career, ESO inspectors need a 
wide range of training courses as well as the pos-
sibility of updating and refreshing what they 
have learned earlier. The emerging technologies 
of computer based Learning can meet some of 
these needs in an appropriate way. For this rea-
son ISIS has an on-going project of development 
of multimedia modules for ESO inspectors. This 
development is an active collaboration between 
ISIS and the training personnel in ESO and uses 
external software companies as much as possible. 
Most of the content is concerned with the practi-
cal use of instruments and their associated soft-
Figure 3.19: Mass and Volume measurement training session in 
the TAME laboratory. 
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ware. It is considered that these will provide an 
easily accessible and fairly digestible refreshment 
of knowledge previously acquired in training 
courses. These multimedia modules will be made 
available via network. The available modules cov­
er active and passive neutron measurements, 
gamma spectrometry, as well as concepts of mea­
surement uncertainty and measurement quality 
control. The content covers practical setting up 
of the instrumentation, use of software, theory of 
the measurement methods, problem solving, etc. 
The Russian Methodology 
and Training Center (RMTC -
Obinsk) and URSIMTC 
(Snezhinsk) 
The Russian Methodology and Training Center 
(RMTC) is now operative and has been giving 
training to MINATOM and GAN officers for two 
years: at the end of 1999 it had organised about 
100 training courses encompassing all facets of 
Nuclear Materials Accountancy and Controls 
(NMA&C), for a total of about 2000 trainees. The 
number of foreign and Russian specialists that 
have been involved in the RMTC training activi­
ties totals 113 individuals, 55 of them being 
Russian citizens and 58 from the USA and EU. 
One quarter of Russian instructors have a doctor­
al degree; over 50% of them have been through 
special training courses offered by ISIS and the 
US National Labs. 
Training was conducted in 25 different courses at­
tended by over 100 Russian GAN inspectors, over 
400 various specialists from Minatom and other 
agencies of the Russian Federation, at least 15 spe­
cialists from Newly Independent States (Kazakstan, 
Ukraine, Lithuania). The majority of the students 
have been through at least two courses. 
ISIS support in setting up the RMTC has included: 
• provision and calibration [3.18] of instrumen­
tation 
• provision of nuclear material· standards 
• modification of laboratories 
• training of Russian trainers 
• participation in training courses and workshops 
at Obninsk 
• making available ISIS training documentation 
The ISIS assistance to the Russian Federation in 
setting up the RMTC was supported by the TACIS 
program. In a second project, work has begun in 
identifying the detailed needs for a second train­
ing centre in Snezhinks in the Ural region of 
Russia (URSIMTC). A feasibility study on the re­
quirements of a first laboratory dealing with the 
nuclear material protection, control and accoun­
tancy aspects of Large plutonium storages has 
been performed. 
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Safety Aspects of Nuclear 
Energy 
editor: B. Worth 
author: H. Weisshäupl 
N uclear safety remains a political issue of great concern within Europe, particular-ly in view of the impending enlargement of the European Union with the acces-sion of new Member States from the East. The JRC, with its long-standing in-volvement in a wide variety of safety-related activities, provides direct and im-
partial support to the DG Environment, in particular to the Directorate C which is responsi-
ble for nuclear safety and civil protection. Major accidents such as Three Mile IsLand, 
Chernobyl and more recently at the Tokai Mura reprocessing plant in Japan serve as re-
minders of the need for scientific vigilance in all aspects of nuclear reactor technology. 
Also of concern is the licensing of advanced and innovative reactor systems, radioactive 
waste disposal and the assurance of adequate safety levels in 'ageing' nuclear installations. 
One fundamental approach to nuclear safety is the so-called "defense in depth" concept. 
This provides for a set of multiple levels of protection, aiming at progressive provisions for 
the prevention of incidents and accidents and, if prevention fails, a means to limit their po-
tential consequences and prevent the possible evolution to more serious conditions. The JRC 
is involved in many key aspects of this concept, which is essential when addressing the as-
sessment of the safety of nuclear power plants, ranging from materials research, in-service 
inspection and maintenance, to the assessment of the consequences of a severe accident 
with core melt down. 
Research at the JRC over recent years has concentrated on the harmonisation of critical 
safety issues, both within the EL) and in the Pre-Accession States of Eastern Europe where 
safety standards are under continuous review. Harmonisation requires the assessment of all 
potentially unsafe processes and activities relating to risk assessment, thermal-hydraulics 
and severe accidents. Widely used analytical techniques involving the use of probability 
risk assessment, fault tree analysis and reliability studies, including human factors, are be-
ing continuously improved. 
Safety can be greatly enhanced when a good understanding of the basic physicochemical 
processes involved is available. Significant effort into model development at ISIS in the ar-
eas of fluid dynamics and thermal-hydraulic processes of severe accidents aims at address-
ing many fundamental problems impacting on nuclear safety. The FARO project has con-
ducted extensive experimental and analytical studies of simulated core melt accidents us-
ing representatively scaled reactor geometries and materials. The Phebus FP experimental 
program provides unique data on fission product reLease from a reactor circuit under postu-
lated severe accident conditions. ISIS is actively promoting the interpretation of this test 
data; both, 'in-house' and through international collaboration in order to improve the vali-
dation of severe accident computer codes, and with i t the general safety culture within the 
extended EU nuclear industry. 
Harmonisation on critical safety issues 
Support to Commission 
Service 
author: G. Cojazzi 
ISIS promotes harmonisation on safety aspects by 
providing technical support to DG Environment 
and DG External Relations by participating in in­
ternational activities, by networking laboratories, 
by organising benchmark exercises, and by per­
forming research activity on safety critical issues. 
Specific research activity is carried out in the ar­
eas of Probabilistic Safety Assessment (PSA), 
Human Reliability, and Model Developments in 
Fluid Dynamics. Reports and publications are ex­
tensively distributed to DG Environment, DG 
Research and DG Information Society. 
ISIS supports the Nuclear Safety and Civil 
Protection Directorate of the DG Environment in 
the implementation of the two Council 
Resolutions (C128-75, C172/2-92) dealing with 
Reactor Safety. Day-to-day contacts with the 
Directorate ensure close collaboration on all safe­
ty-critical issues. This includes attending the 
meetings of the Commission's Nuclear Regulator 
Working Group (NRWG), which is the permanent 
advisory group on reactor safety, and networking 
Nuclear Regulatory bodies of EU Member States. 
ISIS also participates actively in various NRWG 
taskforces. A project on safety-critical software 
in nuclear power plants has been monitored. 
Advice was provided regarding actions on 
'European Safety Practices During Planned 
Outages at Nuclear Power Plants' and 'Developing 
Guidelines for Periodic Safety Review' of Russian 
built WER Nuclear Power Plants (NPP). The sup­
port will be extended in the future to provide 
technical assistance on issues related to the en­
largement process. 
Participation in various international bodies, 
committees and associations is very important in 
a transnational field such as nuclear reactor safe­
ty. This concerns the OECD Nuclear Energy 
Agency, in particular the Committee for the 
Safety of Nuclear Installations (CSNI), and relat­
ed working groups dealing with risk assessment, 
thermal-hydraulics and severe accidents. I t also 
concerns the International Atomic Energy Agency 
(IAEA) and European Safety, Reliability and Data 
Association (ESReDA) [4.1]. 
One of the main concerns among EU citizens is the 
safety of nuclear power plants of East European de­
sign. To improve the safety of these installations, 
the European Commission has over recent years de­
voted considerable resources to technical assis­
tance programmes. The JRC continued in 1999 to 
technically support the implementation of the 
Commission's TACIS and PHARE Assistance/Co-oper­
ation programmes with CIS and CEEC. The contribu­
tion from ISIS focused on its own areas of compe­
tence, such as thermal-hydraulics, design basis ac­
cidents, severe accidents, risk assessment and man­
agement, and structural dynamics. The support cov­
ers the design safety of industrial projects, drafting 
of contract Terms Of Reference, selection and eval­
uation of project offers, and follow-up and review 
of intermediate and final project reports. ISIS has 
given technical· assistance, to the DG Environment, 
in the review and evaluation of PHARE and TACIS 
project reports related to Technical Support 
Organisations (TSO) regulatory assistance projects. 
ISIS reviewed intermediate and final TSO reports in 
confidence on a regular basis and grouped them 
periodically in synthesis reports [4.2]. 
Probabilistic Safety 
Assessment 
author: G. Cojazzi 
The emphasis of the Probabilistic Safety 
Assessment (PSA) activity has shifted to develop­
ing and using risk informed methods in support 
of decision making. ISIS concentrates on Expert 
Judgement methods, information storage for PSA 
studies and, more recently, on safety critical in­
formation systems in nuclear plants. 
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Expert Judgement involves how judgements de­
rived from experts on safety relevant issues, to­
gether with their relative uncertainties, can be 
collected from experts in a disciplined way, prop­
erly documented and, if necessary, suitably ag­
gregated in order to provide an uncertainty quan­
tification of the relevant issues in a PSA study. 
For the quantification of severe accident phe­
nomena, ISIS designed and coordinated an inter­
national benchmark exercise, collecting informa­
tion about the use of structured Expert 
Judgement techniques among Level 2 PSA re­
searchers and practitioners and to compare meth­
ods. PSAs of Level 2 aim at the quantification of 
accident progression sequences, which start from 
a damaged reactor core and progress up to the 
release of radionuclides to the environment. The 
problems considered in the exercise were fuel 
coolant interaction and the transient event of hy­
drogen deflagration/detonation in a pressurised 
water reactor of evolutionary design [4.3,4.4]. 
Figure 4.1 shows the event tree that has been 
constructed from the knowledge elicited from 
two domain experts. The analysis and valorisa­
tion of the results of the overalL benchmark pro­
ject have aLso been performed. 
The development of the ISIS code ASTRA for fault 
tree analysis has been continued in synergy with 
other research lines of the Institute. A basic fea­
ture of ASTRA is to employ the powerful Binary 
Decision Diagram Technique. Extensive documen­
tation about the ASTRA tool for fault tree analy­
sis has been issued in 1999 with reference to the 
logic analysis algorithms, sensitivity and time de­
pendent analysis modules (see also the section 
on tools for Reliability and Safety Analysis in the 
chapter Risk Management and Decision Support). 
The storage of large amount of technical informa­
tion and subsequent intelligent retrieval for Level 
2 PSA studies was carried within a Shared­Cost 
Action project (FI4S­CT96­0034). The prototype 
database has been completed with reference to 
the hydrogen problem. About 300 references are 
contained, dealing with topics related to hydro­
gen generation, distribution and mitigation mea­
sures in NPPs [4.5,4.6]. 
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Figure 4.1: Accident progression event tree for the evaluation of the hydrogen deflagration­
detonation issue in the Incontainment Refuelling Water Storage Tank (IRWST) in an 
evolutionary pressurised water reactor as a follow­up to a hypothetical loss­of­external­
power accident. Consequences for each branch are indicated together with estimated 
probabilities. The event tree is conditioned to the occurrence of the initiating event (loss of 
off­site power) whose frequency (yr1) was not quantified. Key: BD=Burn Downward, 
B0=Burn Other, DDT=Deflagration­to­Detonation Transition, 0K=No ignition event. 
An emerging topic in the safety of NPPs is relat­
ed to the development and spreading of digital 
technologies, and to their use in safety­critical 
and safety­related systems, leading to the so­
called 'safety critical software' issue. The subject 
is of relevance to both existing installations, due 
to the changeover from analogue to digital con­
trol systems, and for new installations, which will 
make full use of digital technologies. A survey 
study was conducted summarising the main inter­
national ongoing activities in the field of the as­
sessment of Safety­Critical Software in Nuclear 
Power Plants [4.7]. The study shows that assess­
ment and comparison of methods for assessing 
the dependability of safety critical software 
would be of scientific and practical interest for 
the nuclear safety community. To this aim, a pro­
ject for an international benchmark study has 
been outlined and proposed to DG Research. 
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Figure 4.2: This view 
portrays the main 
menu of the 
'ASTERISM' database, 
the cover page 
simulation of the ARC 
project (Grey area) 
and a specific graphic 
from the 
corresponding final 
report. 
A Database for Nuclear 
Fission Safety Projects 
(ASTERISM) 
authors: A. Jones, M. Delaval 
An 'Archive for Source Term Information and 
System Models (ASTERISM)' was developed to 
provide a catalogue of results, from ten projects 
of the source term cluster and a pilot database 
containing a representative sub-set of the source 
term cluster data and models, taken from the 
APC, IC and CHEM projects. Most of the projects 
of the source term cluster produce information of 
two kinds: data (calculated, experimental), mod-
els (equations) and/or functioning sections of 
computer code (software). The catalogue of in-
formation was issued in March 1999 and the 
database prototype was released in December 
1999. The user interface is shown in Figure 4.2. 
Model Development in Fluid 
Dynamics: Two-phase flow 
authors: H. Städtke, G. Franchello, B. Worth 
Computational fluid dynamics (CFD), in all its 
guises, is nowadays widely used for the simula-
tion of generic thermal-hydraulic flow processes. 
However, progress made over the last two 
decades in the development of so-called 'ad-
vanced systems codes', i.e. codes used routinely 
for many if not all reactor safety calculations, 
has been sporadic. Moreover, i t has largely failed 
to address the complexities of localised two-
phase flow phenomena and processes of impor-
tance in the design and safety aspects of nuclear 
reactor systems. Consequently, most existing 
thermal-hydraulics codes like RELAP5, CATHARE 
and ATHLET, whilst giving perfectly satisfactory 
prediction results for the overall 'averaged' sys-
tem behaviour, find difficulty in modelling lo-
calised processes in which strong parameter gra-
dients exist. Wall heat transfer associated with 
mixture level formation in the core can be a 
strongly 3-dimensional phenomenon, where use 
is often made of specific sub-models of some-
what limited capabilities. Moreover, these codes, 
based as they are on largely outdated numerical 
schemes, suffer from serious deficiencies in terms 
of unwanted numerical viscosity. This originates 
from the coarse averaging procedures used in all 
finite difference schemes, and which effectively 
precludes these codes from being used to solve 
problems of a very local nature, such as boil-off 
in a partially uncovered core, or in 'Navier Stokes 
type' problems where physical viscosity effects 
are important. 
The advanced two-phase flow (ATPF) code [4.8,4.9] 
developed within ISIS provides one such approach 
for the numerical simulation of transient two-phase 
flow processes. Supported partly through EC-funded 
shared-cost activities, the ATPF pilot code is based 
on a two-fluid model for the simulation of non-
equilibrium inhomogeneous two-phase flow. A fi-
nite-volume numerical scheme makes direct use of 
the eigen-structure of the underlying conservation 
equations for mass, momentum and energy. This 
provides the mathematical basis for a solution 
scheme in which wave-like information characteris-
ing the flow can be propagated along the charac-
teristic lines defined by the eigenvectors. A sec-
ond-order interpolation technique allows a high-
resolution simulation of two-phase flow with very 
low inherent numerical viscosity. Real fluid viscosi-
ty can then be included to give a physically realis-
tic simulation of viscous flow problems. 
The ATPF code has been successfully used for typ-
ical problems of the nuclear and process indus-
tries. The simulation of two-phase mixture levels 
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in a reactor pressure vessel during 'blowdown' 
events leads to situations with rapid core uncov-
ery, dryout of the fuel bundle and possibly 'melt-
down'. An accurate prediction of in-core tempera-
ture variation is possible only if the wetted re-
gions of the core can be computed from knowl-
edge of the (two-phase) mixture levels (Figure 
4.3). Another problem of interest is the critical 
'choked' flow with strong pressure gradients near 
the break, fast depressurisation, slow gravity-in-
duced phase separation and the simulation of 
two-phase flow processes at low pressure. 
Explosion Models: REACFLOW 
contributions to the Nuclear 
Safety Programme 
authors: T. Huld, H. Wilkening 
Hydrogen formation during a severe nuclear acci-
dent could be caused by hot core melts interact-
ing with the cooling water. The subject of study 
is an ignition of the hydrogen cloud which could 
start a severe explosion inside the reactor con-
tainment. 
Due to the large-scale complex phenomena in-
volved, studies of these explosions necessarily in-
volve numerical simulations. For this task the 3D 
Computational Fluid Dynamics software REACFLOW 
has been developed in ISIS. REACFLOW allows au-
tomatic dynamic grid adaption to resolve the ex-
plosion fronts. This is essential to model explo-
sions on large 3D scale. The method has been ap-
plied successfully to a number of small-to-medi-
um scale problems relevant to attain a better un-
derstanding of the underlying phenomena. 
During 1999 a number of new developments and 
improvements [4.10,4.11] have been implement-
ed in REACFLOW, including: 
• Improvements in the combustion models 
• Improvements in the grid adaptation algorithms 
• Implementation of a 3D graphics subsystem, as 
well as improved diagnostics. 
Calibration calculations have been carried out for 
the turbulent combustion models in 3D, compar-
ing obtained results with experimental data, ob-
tained from our collaborators at the FZ Karlsruhe, 
Germany. 
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Figure 4.3: Computer 
simulated discharge of 
a steam and water 
mixture from a 
cylindrical pressure 
vessel via a horizontal 
outlet pipe, at two 
time intervals: (A) 
t=4 sec, (B) t=14 sec, 
showing complex two-
phase flow 
phenomena. 
Simulation made with 
the ISIS 'ATPF' pilot 
code. 
Figure 4.4: Simulated 
pressure results of a 
hydrogen explosion in 
the Russian RUT test 
channel which is 28 m 
long and has a cross-
section of up to 2.5 m 
by 6 m. Both pictures 
give instant pressure 
distribution on the 
surface at 2.5 ms 
after triggering a 
detonation by a high 
explosive. 
(A) shows isolines 
between 1 and 15 bar 
(blue to red). The 
initial spherical 
detonation has 
interacted with the 
channel walls, which 
generates a complex 
system of pressure 
waves. Highest 
gradients occur right at 
the detonation front. 
(B) shows the same 
situation using 
isocolours (1-15 bar 
from blue to read) 
with the surface grid. 
The grid resolution is 
highest where the 
pressure gradients are 
high due to the 
automatic adaptation 
procedure. 
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Severe Accidents 
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Figure 4.5: Upward propagation of the energetic event triggered in FARO test L-33; water 
depth 1.62 m, subcooling 122 K; pt=pressure transducer in water located on the wall of the 
test vessel at xxx mm from bottom as indicated; pressure scale=2.5 MPa per division. 
Figure 4.6: Analysing 
molten reactor core 
material helps to 
assess the heat 
transfer for long term 
debris cooling after a 
severe nuclear 
accident. The above 
debris was generated 
in a FARO spreading 
test from ca. 200 kg 
corium material 
molten at 3,000 X. 
FAR0/KR0T0S Experiments 
authors: D. Magallon, I. Huhtiniemi 
The general scope of the FARO programme was to 
provide reference data to assess the reactor plant 
response to core melt relocation, and to verify 
design solutions and accident management 
strategies for core melt cooling and retention in 
the containment. The specific objective of the 
FARO tests was to determine experimentally the 
corium melt quenching characteristics at large 
scale. A series of fuel-coolant interaction (FCI) 
and spreading tests has been performed over re­
cent years in the FARO facility involving up to 
177 kg of 80 w% U02+20 w% Zr02 corium melt. 
Smaller fuel-cooLant interaction tests have been 
performed in the KROTOS facility with a few kilo­
grams of Al203 and 80 w% U02+20 w% Zr02 melts 
in various conditions, to understand the specific 
behaviour of corium melt and its propensity for 
producing steam explosions. Data from both 
FARO and KROTOS have been and are being ex­
tensively used throughout the world as reference 
data to verify code and model capabilities in pre­
dicting severe accident FCI sequences. 
The most significant accomplishment in 1999 
[4.12,4.13] was the triggering of a steam explo­
sion involving a quantity of melt around 40 kg in 
FARO test L-33. I t was the first-of-a-kind steam 
explosion ever obtained experimentally with such 
a large quantity of prototypical corium in a reac­
tor-like unconstrained geometry, moderate pres­
sure (0.4 MPa) and water at ambient tempera­
ture. Figure 4.5 shows the dynamic load experi­
enced by the interaction vessel walLs at 300 mm 
from the explosion. The maximum impulse was 20 
kPa.s and the explosion efficiency around 0.2%. 
The test vessel was slightly damaged and the 4 
m3, 10 MPa designed pressure vessel jumped 
physically a few millimetres. The test confirmed 
at large scale the KROTOS finding that steam ex­
plosion efficiency with corium is low and does 
not induce any damage to the load bearing struc­
tures in the unconstrained configuration. 
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An important accomplishment was the execution 
of the first ever corium melt spreading test on a 
substrate covered with a thin layer of water. The 
FARO results demonstrated that the presence of 
the water improved the cooling of the substrate 
and did not induce a steam explosion. 
FARO test L­33 was performed on July 1999, con­
cluding the series of severe accident experiments 
at Ispra. Test analysis and documentation contin­
ue. The description and documentation of 14 
FARO tests and 36 KROTOS tests are published at 
http://asa2.jrc.it/stresa/. 
Accident Simulation and 
Analysis 
authors: A. Annunziato, C. Addobbo 
Severe accident analysis at ISIS focused on acci­
dent melt coolant interaction as well as to reac­
tor primary cooling system behaviour during the 
evolution of precursory events such as design ba­
sis accidents and transients. The tool is the suc­
cessful in­house code development used for pro­
viding analytical support to the experimental 
programme (FAR0/KR0T0S) as well as for applica­
tions to real reactor plant. 
Severe Accident Melt Coolant 
Interaction Thermal­Hydraulics 
The in­house developed COMETA (Core Melt 
Thermohydraulic Analysis) code [4.14] has been 
extensively applied for FARO test design calcula­
tions, pre­ and post­test analyses, and for sensi­
tivity calculations assessing the influence of major 
parameters, such as system pressure and subcool­
ing, on the potential for energetic escalation. 
COMETA post­test calculations of system pressure 
evolution in FARO Test L­33, which exhibited an 
energetic interaction using an external trigger, is 
shown in Figure 4.7. The results of the calculation 
indicate that the code was able to reproduce the 
basic phenomena, although the pressure level, at 
the highest elevation, was difficult to be correctly 
reproduced. Considering the state­of­the­art of 
these type of codes this calculation is quite satis­
­20 
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Post Test Calculation 
of FARO Test L­33 
showing the good 
agreement between 
prediction and 
measurement results. 
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factory. In order to predict structural deformations 
that may result from an energetic interaction, the 
code has been coupled through an off­line routine 
to the hydrodynamic­structural mechanics code 
SEURBNUK/­EURDYN; prediction calculations of 
the energetic KROTOS 44 test have been performed 
using the coupled code version [4.15]. 
In the evaluation of reactor safety margins, there 
is an emerging need to quantify, insofar as possi­
ble or practical, the uncertainties associated with 
the code predicted results in full size reactor cal­
culations. Within this context, COMETA full­size 
reactor calculations have been performed for the 
ASCO­NPP, a 3­loop 966 MWe PWR, and for the 
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Figure 4.8: COMETA 
nodalization of the 
TMI­2 pressurised 
water reactor with 
indication of the void 
distribution around 
the primary circuit as 
calculated with 
SCDAP/RELAP5; on 
the right the result of 
the COMETA 
calculation. 
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simulation of the TMI accident sequence [4.16]. 
A RELAP5/SCDAP calculation was performed in 
order to determine the conditions of the plant at 
the time of melt relocation. Figure 4.8 shows the 
void fraction distribution as calculated by this 
code and demonstrates that the vessel was full of 
water a the time of melt relocation. 
These conditions were imposed in the COMETA 
code to calculate the release sequence; the insert 
in Figure 4.8 shows the pressure obtained with 
this code. The COMETA calculations indicate that 
the results strongLy depend on the initial water 
subcooling degree. 
COMETA is an integral system computer code cou­
pling thermal-hydraulic and melt fragmentation 
modules for the simulation of melt coolant inter­
action and quenching. The code is composed of a 
Eulerian two-phase flow field with non-condens-
ables and a Lagrangian melt field representing 
the jet, the droplets and the debris components. 
Melt coolant interaction and fragmentation is de­
scribed by an original model which provides the 
local erosion rate on the basis of an interpolated 
'jet break-up length' correlation (i.e. L/Dj =/(We, 
Fr,...) with melt droplets diameter calculated on 
the basis of the Weber number and Froude num­
ber criteria. The eventual unfragmented melt re­
locates on the vessel bottom plate forming a 
fused debris bed agglomerate. The code includes 
models for hydrogen generation from metallic as 
well as oxide components and heat transfer from 
the debris-bed to the coolant. 
Design Basis Accident Thermal-
Hydraulics 
Following the establishment of Technical 
Exchange Agreements, the LOBI data is now 
available to several research organisations from 
Central and East European Countries (CEEC) and 
the New Independent States (NIS) to benchmark 
safety codes used in WER safety analysis. The 
LOBI data base comprises 70 integral system ex­
periments covering a wide range of pressurised 
water reactor accidents and transients. I t has 
been widely used to identify and/or verify safety-
relevant thermal-hydraulic phenomena and to 
provide reference information for the develop­
ment and assessment of reactor safety codes 
such as CATHARE, ATHLET and RELAP. 
Expert advice was provided to ENEA (I) for estab­
lishing an experimental programme on innovative 
reactor concepts to be conducted in the SPES 
test facility operated by SIET in Piacenza (I). 
Enlargement 
Since the safety aspects connected with reactors 
operating in Central and Eastern European 
Countries (CEEC) and in the New Independent 
States (NIS) are at the forefront of international 
concern, and have high priority in the EU en­
largement agenda, ISIS started the exchange of 
information on WER and RBMK safety with CEEC 
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and NIS research organisations. A technical ex­
change agreement in the field of reactor design 
basis and severe accident studies was concluded 
with the Electrogorsk Research and Engineering 
Centre (EREC) of the Russian Federation. 
On the basis of this agreement, ISIS will provide 
expert advice for the execution of the Russian ex­
perimental programmes PSB and ISB, dedicated 
to the investigation of design basis accidents 
and transients in WER reactors. Collaborative ac­
tivities are envisaged in the field of melt coolant 
interaction analytical studies, which will focus on 
the development/refinement of the COMETA and 
VAPEX codes and on the complementary experi­
mental programme which EREC will conduct in 
collaboration with the All-Russian Scientific 
Research Institute of Experimental Physics (IEP). 
Reactor Vessel Integrity in 
Severe Accidents 
author: G. Solomos 
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Figure 4.9: Stress-strain curves to be considered when assessing the reactor vessel 
structural safety under severe accident conditions. The measurements show a drastic effect 
of the speed of deformation (strain rate) and of temperature on the behaviour of the 
austenitic steel as used in the Reactor Pressure Vessels of the Upper Internal Structure. 
A possible scenario of a severe accident is that of 
the impact of a slug of molten corium (=reactor 
core material) and debris on the upper vessel 
head caused by a steam explosion and dynamic 
pressure loading in the lower part of the reactor 
vessel. Theoretical investigations and modelling 
have produced strongly differing and unreliable 
results concerning the integrity of the structure. 
Therefore, experiments with detailed structural 
mock-ups have been deemed necessary (BERDA 
and FLIPPER experiments of the Forschungszen­
trum Karlsruhe, FZK). These impact problems re­
quire a correct knowledge of the material defor­
mation and failure processes. Accompanying in­
vestigations are thus needed to make sure that 
the results are transferable to the real problem 
and that the essential effects of size, strain rate, 
and temperature are adequately simulated. 
ISIS has been assigned to carry out such dynamic 
tests for material characterisation, in the Large 
Dynamic Test Facility (LDTF), which allows the 
testing of large specimens under well-defined 
strain rates. Uniaxial and biaxial tension tests are 
performed on the materials used for the pressure 
vessel and its internal structures. These include: 
ferritic steel 20MnMoNi55 (vessel head), austenitic 
steel X6CrNiNbl810 (Upper Internal Structure), 
ferritic steel 26NiCr Mol46 (bolting). Cylindrical 
tension specimens of diameters 3 mm, 9 mm and 
30 mm have been tested at room temperature and 
higher temperatures (400 °C - 600 °C), and at 
strain rates ranging from quasi-static (lO-3/sec) to 
dynamic (200/sec) conditions, Figure 4.9. 
Strain rate and temperature effects have been 
adequately assessed through the stress-strain di­
agrams obtained [4.17]. The size effect issue has 
demonstrated to be more sensitive: i t appeared 
to be minor with respect to resistances and con­
centrated mainly to local deformation parameters 
near fracture [4.18]. A series of tests with 
notched specimens, where strain gradient effects 
and local phenomena are more accentuated, are 
in progress for further investigation of these in­
teresting size effect trends. 
This activity is carried out within the framework 
of two shared-cost action projects belonging to 
the "In-vessel Core Degradation and Coolability" 
cluster of the Nuclear Fission Safety/ Reactor 
Safety programme. They are: '(a) RPVSA (EU 
Project FI4S-CT95-0002) "Behaviour of the 
Reactor Pressure Vessel under Mechanical and 
Thermal Loadings caused by Core Melt-Down and 
Steam Explosion Accidents", and (b) REVISA (EU 
Project FI4S-CT96-0024) "Reactor Vessel 
Integrity in Severe Accidents". 
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The PHEBUS FP (Fission 
Product) Release 
Experimental Programme 
Figure 4.10: 
Radiograph of the 
final bundle state of 
the Phebus FPT4 
experiment. The 
colours indicate the 
density of the test 
section, from red=high 
to purple=low. 
author: R. Zeyen 
The Phebus international FP (= fission product) re-
lease programme includes five in-pile bundle degra-
dation experiments with special emphasis on cir-
cuit transport and containment chemistry. While 
this latest and third experiment in the Phebus se-
ries (FPT4) has yet to be evaluated (its final report 
is expected for 2002), this year was also marked by 
the release of significant consolidated data from 
previous experiments FPTO and FPT1. Several unex-
pected phenomena have been clearly identified: 
• fuel degradation: rather Low melting tempera-
ture and a high degree of fuel liquefaction, 
• iodine release: substantial amount of gaseous 
iodine from the circuit, significant iodine re-
tention in the sump due to the presence of sil-
ver from the Ag, In, Cd control material in the 
melting process, 
• faster than expected hydrogen release kinetics 
during the cladding oxidation process. 
Several reactor safety authorities around the 
world are re-evaluating their severe accident 
source term and their accident management pro-
cedures linked to these scenarios. Test interpre-
tation is performed together with the preparation 
future tests, largely within the ISIS-coordinated 
PhebusNet (see below). 
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Test FPT2 is in its final preparation stage. It will 
be another bundle test, this time in hydrogen-
rich degradation conditions. Boric acid is intro-
duced into the steam cooling and catalyst speci-
mens from hydrogen recombiners will be tested 
against potential poisoning by real fission prod-
ucts from a degraded reactor core, and any ef-
fects on the fission product chemistry in the con-
tainment. 
After long international discussions, test FPT3 is 
now clearly defined as the boron carbide test; 
the Ag, In, Cd control rod will be replaced by 
B4C, more typical of BWRs but also for more 
modern French PWRs. 
Test FPT4 (Figure 4.10) was successfully per-
formed on July 22nd, 1999 during about 5 hours 
of tight teamwork involving about thirty experi-
menters and reactor operators, executing the 
complicated operations of the power transient 
and the evaluation of numerous test termination 
criteria. Preliminary results show the formation of 
a perfect crucible, comprising the molten (solidi-
fied) pool region, the void region and a top vault. 
The thorium oxide (thoria) liner containing the 
melt during the experiment performed extremely 
well. No obvious cracks or holes formed, which 
could have led to an early shut down of the test. 
Test FPT4 melted down 6 kg of corium debris bed 
by neutronic heating. This bed was composed of 
33 GWd/t enriched U02 from the GraveLine power 
plant, mixed with 20% of Zr02 from oxidised 
cladding tubes. Downstream of the fuel, a battery 
of five sequential filters retained characteristic 
aerosols from the various release phases of the 
severe accident scenario; i.e. the volatile FP re-
lease phase (Cs, I, Te,...), the non-volatiles (Ru, 
Ba, Sr,...) release phase, and two phases at very 
high temperature just before and after the melt-
ing process. These last phases should compare re-
lease rates for a debris bed versus molten corium 
in a late accident phase. One highly significant 
first conclusion from the downstream filter reten-
tion is that a clear "low release scenario" was 
observed, without the often-predicted massive 
release of uranium oxide and its associated fis-
sion products. 
FPT5 will probably be a bundle degradation test 
including an air ingress phase. 
The EC/ISIS participates as a joint leader in all 
Phebus executive working groups and steering 
committee meetings. Its presence supports the 
day-to-day management of a number of technical 
and organisational matters in this important pro-
gramme, such as the development of improved 
aerosol sizing instruments for the Phebus circuit. 
International contributions to the Phebus pro-
gramme from different countries are directly 
managed by ISIS scientific personnel. 
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The PHEBUS FP Network 
author: A. Jones 
ISIS participates actively in the interpretation of 
Phebus FP test results, in the preparation of fu-
ture tests, and in the validation of LWR severe 
accident computer codes and models against 
Phebus data. This involvement concerns both in-
vessel phenomena of core degradation and fission 
product release (described later), and, as regards 
the source term issues of fission product trans-
port in the reactor circuit, aerosol removal in the 
containment and both short-term and long-term 
fission product chemistry. I t also promotes 
European and international cooperation on these 
themes through the Phebus scientific analysis 
working group (SAWG) and its interpretation cir-
cles on degradation/release, aerosols and chem-
istry. These groups continue to meet regularly 
(twice in 1999), with a large number of partici-
pants, not only serving the Phebus project but 
acting as a focus for severe accident research 
across Europe. 
ISIS has also coordinated and participated in 
several SCAs and other projects in the same gen-
eral area, and in the interests of rationalising the 
various actions and exploiting the synergies be-
tween them, the first steps have been taken to 
create an umbrella organisation called 
'PhebusNet'. The objectives of the network are to 
promote the coordinated interpretation and 
analysis of data from the Phebus FP, to provide 
input to the definition of Phebus tests and the 
post-test studies and separate-effect tests asso-
ciated with them, and to act as a general forum 
for information exchange in the severe accident 
area and an interface to Commission services and 
SCA projects. At the last count there were 18 par-
ticipating EU organisations and 9 from other 
states with nuclear programmes including the 
USA, Japan, Canada, Korea and Switzerland. The 
most recent meetings featured not only analyses 
of the various aspects of Phebus tests FPTO and 
FPT1 and precalculations of test FPT2, but also 
presentations about new experimental facilities 
for containment thermal-hydraulics/aerosol stud-
ies and model developments for aerosoL transport 
in turbulent flow, chemical speciation and non-
equilibrium effects, and silver-iodine interac-
tions. Presentations were also made on past and 
future SCAs relevant to PhebusNet including 
PHEBEN, ICHEMM, REVAP, and forthcoming pro-
jects on code validation against Phebus, iodine 
chemistry, validation of the ASTEC code, and a 
database of 4th Framework Programme results in 
the source term area. 
ISIS has presented within PhebusNet and also at 
international meetings some significant model de-
velopments in 1999. One [4.19] used a model 
combining fission product transport with non-
equilibrium chemistry to calculate the volatile io-
dine fraction entering the containment in Phebus 
tests FPT 0 and FPT 1. The theory accounted both 
for the observed fraction and for the fact that 
this was lower in test FPT1 with irradiated fuel 
than in FPTO with fresh fuel. A second develop-
ment [4.20] incorporated a multi-layer model for 
silver-iodine reactions in the code IMPAIR, com-
monly used for plant source term evaluations 
[4.21], and obtained reasonable agreement with 
the corresponding Phebus data. In a third devel-
opment, a simple analytic model developed by 
ISIS has been applied to aerosol flow in contain-
ment leakage paths, revealing the dependence of 
trapping in the paths on the changing flow and 
thermal boundary conditions. A fourth develop-
ment captures in one simple model the particle 
resuspension information coming from Phebus FP, 
STORM, and other experimental programmes. In a 
collaboration with IPSN the model is currently be-
ing incorporated in the circuit code SOPHAEROS. 
The PHEBEN activity 
authors: T. Haste, A. Jones 
The PHEBEN concerted action, coordinated by 
ISIS with eleven partners, was successfully con-
cluded in 1999 [4.23]. I t benchmarked modelling 
codes against fission product release, circuit 
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Figure 4.11: IMPAIR3 calculation of sump iodine in Phebus FPT1, showing non-volatile 
silver iodide (top curves) as the dominant species. 
haviour in the containment volume is generally 
well simulated. Containment chemistry models 
for silver/iodine reactions, which can trap iodine 
in the sump water, so reducing its presence in 
the atmosphere and potentially reducing the 
source term, have been successfully developed 
and validated [4.24,4.25]. ISIS, in collaboration 
with PSI Switzerland, played a leading role in 
this area, developing and validating detailed 
models for these reactions [4.20] (Figure 4.11). 
Overall, the focus of severe accident research is 
being significantly affected by Phebus results 
and effort in this area is expected to continue, 
for example in the foLlow-on project PHEBEN2 
that has been approved for the next four years. 
In-vessel phenomena in 
severe accidents 
authors: I. Shepherd, T. Haste 
transport, containment aerosol physics and con­
tainment chemistry data from the in-pile experi­
mental programme Phebus-FP. This work helps to 
reduce the uncertainties in calculating radioac­
tive fission product release into the environment 
in the unlikely event of a severe accident in a 
light water reactor. 
The codes gave a satisfactory overall picture of 
the first two Phebus tests FPT-0 and FPT-1, with 
generally good predictions of containment ther­
mal hydraulics and aerosol physics. Models for 
the release of fission products from the fuel per­
formed quite well, although the predicted release 
of semi-volatiles was too great and the observed 
effect of changing fuel geometry (rod-like to 
melt pool) is not considered. In the circuit, 
codes now predict correctly that most elements 
are in aerosol form; but, while the zone of great­
est deposition is well predicted, the amount of 
deposition is not. Studies continue on the time 
and spatial variation of chemical speciation in 
the primary circuit [4.19]. Thermal hydraulic be-
During 1999 the two projects Core Behaviour 
(COBE) [4.26,4.27] and Oxidation Phenomena in 
Severe Accidents (OPSA) [4.28], coordinated by 
ISIS and involving 12 different partners came to 
a successful conclusion. 
COBE dealt with issues of concern to accident 
management - the quenching of fuel rods and 
late-phase phenomena - debris bed molten pool 
phenomena and the movement of material to the 
lower head. The QUENCH facility at Karlsruhe was 
designed and commissioned on the basis of cal­
culations performed by a private company, two 
universities and a national research organisation. 
All the partners of COBE were given the opportu­
nity of influencing test parameters. Both pre-
and post-test calculations were cross-checked by 
different organisations using different computer 
codes. The lessons Learnt from the QUENCH calcu­
lations were shared by all participants who were 
able to go on and calibrate their computer codes 
for better estimation of hydrogen production dur­
ing quenching in reactors. 
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Some emphasis was given within the project to 
modelling late phase behaviour. Prompted by the 
forthcoming Phebus FPT-4 test better code models 
for the behaviour of molten pools were developed. 
Increased understanding of other processes was al­
so reached including the influence of control rods, 
the degradation of BWRs, relocation to the lower 
head and the swelling of irradiated fuel [4.29]. 
Because this understanding has not yet been fed 
into system code models, the impact on accident 
management procedures is hard to quantify. 
The OPSA project marked the first serious at­
tempt world-wide to improve understanding of 
the impact of air ingress on core degradation, 
with efforts to demonstrate the relevance of air 
ingress scenarios being combined with experi­
ments and their analytical treatment. The high­
light of the project was undoubtedly the success­
ful execution of two bundle air ingress tests in 
the CODEX facility at AEKI, Hungary (Figure 
4.12). ISIS took the lead in pre-and post-test 
calculational support and in the aerosol measure­
ments [4.30]. The broad thermal behaviour of the 
test sections was modelled using the ICARE2 
code, and the data were shown to be consistent. 
The aerosol particles produced and the final 
states of the degraded fuel rods were analysed 
(for results of the second test see Figure 4.13). 
The consistency of the experimental findings 
amongst the small-scale and bundle tests and the 
possibility of their preliminary description by 
simplified correlations was demonstrated, but ad­
ditional separate-effects tests and more funda­
mental model development will be needed if the 
complex phenomena exhibited are to be fully ex­
plained. Developing these models and tools is 
the essential next step if we are to acquire pre­
diction capability for this type of accident. 
ISIS continued to coordinate the Phebus-FP 
Bundle Interpretation Circle. The lessons learned 
in analysing the first Phebus-FP experiment, FPT-
0, have been fed into analyses of the second test 
- FPT-1. Measurement-simulation comparisons 
showed better agreement - particularly for hydro­
gen generation - that should result in less uncer­
tainty in estimating the impact of accidents in 
real plants. Attention is turning to understanding 
the fission product behaviour where the release 
of low volatile products - in both the first tests -
was less than that observed under similar condi­
tions in separate effect experiments. 
In parallel with the quench studies performed in 
the COBE project, a Status Report [4.31] on the 
Figure 4.12: 
Schematic Diagram of 
the CODEX-AIT facility 
at AEKI Budapest for 
the Conduct of Core 
Degradation 
Experiments in Air. 
CODEX-AIT2 Unhealed Rod Temperatures and Electrical Power 
Figure 4.13: Air Ingress Experiment CODEX AIT2 Unheated Rod Temperature Histories, 
Aerosol Production in Air Phase and Cross-Sections showing Rod Degradation and Material 
Relocation. 
quenching of a degraded core was produced at 
the request of CSNI Principal Working Group 2. 
This report summarises the state-of-the art in 
this field, and indicates areas such as quench of 
debris beds where additional work might help to­
wards risk reduction in accident management of 
Light water reactors. In addition, a start has been 
made on an update of an In-Vessel Core 
Degradation Code Validation Matrix in collabora­
tion with GRS Garching, Germany. 
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Figure 4.14: Code 
predicted coolant 
temperatures and 
velocities after 64 hrs 
in a small 
experimental ADS 
facility with a 
simulated blocked 
beam. 
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Safety of Innovative Reactor 
Concepts 
author: H.U. Wider 
Safety calculations on lead/bismuth­cooled Accel­
erator­Driven Systems (ADS) have been continued 
[4.31­4.34] and first comparisons with gas­cooled 
ADSs have been made. We have also started looking 
into potential fission product release and transport 
aspects in the innovative direct­cycle High 
Temperature Gas­cooled Reactor (HTR). We applied 
for shared­cost actions for both ADS and HTR. 
The first comparison of Pb/Bi and gas­cooled 
ADSs showed that the gas­cooled variant has dis­
advantages regarding accident occurrence proba­
bility because of its high­pressure coolant. I t al­
so has weaknesses considering accident mitiga­
tion because it has a low heat capacity; ex­vessel 
passive emergency decay heat removal by air is 
not possible, and if fuel melting occurred, coola­
bilty and re­criticality problems are likely. 
Investigations of emergency decay heat removal in 
a Pb/Bi­cooled ADS with a Reactor Vessel 
Auxiliary Cooling System (RVACS) for the case of a 
station blackout were made with the 3D thermal 
hydraulics code STAR­CD. It was shown that a larg­
er system with 800 MWth or more may require ad­
ditional cooling measures beyond pure air cooling. 
It was also shown for larger systems that the com­
bined use of water spray cooling on the outside of 
the guard vessel and filling the air gap between 
the reactor vessel and the guard vessel with 
molten Pb/Bi, can easily remove the decay heat. 
Calculations of a combined Loss­of­Heat Sink and 
Loss­of­Flow scenario without beam shut­off (al­
though highly unlikely) were also done with 
STAR­CD. This was to investigate the functioning 
of the melt­rupture disc (for which we have been 
granted a patent in 1998). After melting the sol­
der material around the melt rupture disk, the 
coolant streams into the beam pipe and blocks 
the proton beam (In ADS type reactors the chain 
reaction is maintained by an external proton 
beam, which must be switched off or blocked in 
safety critical situations). A new spallation heat 
source appears high up in the vessel. This leads 
to an interesting natural convection problem 
with a heat source at the top and air cooling at 
the side wall. The decay heat of the core is after 
tens of hours much smaller than the spallation 
source high up in the vessel. The results show 
that the blocking of the beam leads to long term 
coolable conditions only for the small Ansaldo 
demonstration facility design (80 MWth) which 
can be see in Figure 4.14 The maximum vessel 
temperature in this case is 1170K. For larger 
ADSs, the vessel reaches this temperature already 
after a few hours and then rises further. I t seems 
unlikely that the beam would remain operative 
for such long times, however. 
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Fight Against Fraud 
editor: S. Arsenis 
ISIS further advanced or launched new research projects with the aim to develop or apply technologies for identification, controls and audits, and information manage-ment, computer communications, data analysis, and risk analysis for anti-fraud. These activities are: 
• Project IDEA for the electronic identification of farm animals, a major feasibility study 
on applying electronics and database technologies to identify and register farm animals. 
• Control technologies for fishing, comprising two feasibility studies for monitoring fish-
ing vessels and using information technology to identify fish stocks. 
• Information management and computer communications for anti-fraud, to develop pro-
totype solutions and demonstrate use of available technologies in various fields like in-
formation retrieval, data mining and visualisation, language engineering, and workflow 
and document management. 
• Data analysis and risk analysis to develop and apply statistical methods for estimating 
fraud and extracting signals, patterns and trends from relevant databases. 
• Advanced statistics for the clearance of accounts, a new project to provide a valid scien-
tific basis for choosing appropriate sampling and estimation methods for conducting au-
dits and estimating total overpayment in payment populations. 
While the expected research results are of potential interest to other Institutions of the 
Union and Member States, the primary customers for the activities are the Director-
ates General for Agriculture and Fisheries, and the European Anti-Fraud Office (OLAF). 
Electronic Identification of Farm 
Animals, project IDEA 
authors: C. Korn, 0. Ribo 
Figure 5.1: Reading 
station for electronic 
animal identification. 
The objective of project IDEA (Identification 
Electronique des Animaux) is to assess the feasibili­
ty of the electronic identification for farm animals 
and to validate identification systems in real field 
conditions. IDEA is a three year project (1998­
2000) and was launched by the Directorate General 
for Agriculture (DG AGRI). ISIS gives technical sup­
port in testing the performance of electronic iden­
tification devices, quality control of equipment, de­
finition and establishment of the central database, 
data transmission and recording during the project, 
and global evaluation of results obtained. 
Approximately one million animals from three 
species (440.000 cattle, 490.000 sheep, 30.000 
goats) in 6 EU Member States (France, Germany, 
Italy, Netherlands, Portugal and Spain) will be 
identified applying 3 different types of electronic 
tags: eartag, ruminai bolus and injectable 
transponder. The performance of electronic identifi­
cation devices and the necessary organisational 
structure in a real EU livestock scenario will be 
evaluated. The analysis will determine whether 
electronic identification is a feasible system to 
trace animals individually from birth to the slaugh­
terhouse. It is important to identify the appropri­
ate technologies for electronic tags and reader 
types for full­scale implementation to EU livestock. 
In 1999, the definitive version of the "Guide 
Procedures for the IDEA Project" (v. 5.3) was pre­
pared and distributed to all IDEA participants 
[5.1]. The Procedures Guide gives recommenda­
tions on identification, reading, recovery, data 
recording and transmission, etc., and specifies all 
data that should be recorded by the participants 
and transmitted to the JRC. 
The IDEA Central Data Base was designed and de­
veloped with the analysis of all data types (animal, 
people, electronic identification devices, etc.) and 
of all activities to be performed during the project 
(tagging, reading, and recovery). From these, the 
Data Dictionary (v. 1.1) was written [5.2], which 
contains all data to be recorded and registered in 
the data base with their codification and format 
(numeric or alphanumeric, length, etc.). The JRC 
IDEA Central Data Base was implemented and test­
ed, and is operational since September 1999. 
A document has been prepared defining data trans­
mission between the IDEA participants and the 
Central Data Base using the EDIFACT (Electronic 
Data Interchange for Administration Commerce and 
Transport) Standard [5.3]. EDIFACT conversion soft­
ware was installed to permit electronic data inter­
change with the participants' regional databases. 
X­400 connections between the JRC and all IDEA 
participant organisations have been put into place. 
The data stream from the IDEA participants to the 
JRC started in December 1999. 
During 1999, six new electronic identification de­
vices (electronic tags, and portable and static read­
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ers) have been certified in the TEMPEST (Thermal, 
Electromagnetic and Physical Equipment Stress 
Testing) Laboratory. Thus, since 1996, 72 pieces of 
equipment have been certified and 225 certificate 
updates have been produced [5.4]. 
The electronic identification of animals within 
the IDEA project began in September 1998. 
During 1999 IDEA participants have supplied da­
ta from 300.000 electronically identified animals. 
It is expected that in year 2000 this will reach 
about 800.000 animals, or 80% of the total. 
Preliminary analysis of the results indicates a 
global better performance of the ruminai bolus 
compared to electronic eartags and injectable 
transponders [5.5]. However, this conclusion is 
drawn only from a fraction of the data to be col­
lected. Also, detailed data on loss, breakage, 
electronic failures by animal type, tagging and 
reading data, equipment, etc. will have to be 
analysed. 
Control Technologies for Fishing 
Two activities pertaining to control and inspec­
tion mechanisms for the Fisheries policy were 
conducted in 1999. These are: using synthetic 
aperture radar imagery for monitoring fishing 
vessels and applying of information technology 
to identify fish stocks. 
Monitoring Fishing Vessels 
authors: N. Kourti, I. Shepherd 
This project started in January 1999 and aimed to 
determine whether spacebome synthetic aperture 
radar (SAR) could be an element in fisheries con­
trol. The test zone selected by the Fisheries 
Directorate General was the Flemish Cap area of 
the North Atlantic. This is on the continental shelf 
but outside Canada's territorial limit. Contracting 
parties to the North Atlantic Fisheries Organisa­
tion, including the European Union, negotiate an­
nual fishing quotas for a number of species includ­
ing prawns, American plaice and Greenland hal­
ibut. The Cap is not on a navigation lane so most 
vessels in the area are engaged in fishing. 
60 images were analysed for the period April­
September 1999 ­ this period had been chosen 
on the basis of the statistical likelihood of 
favourable weather conditions. These images 
were predominantly RADARSAT ScanSar Narrow 
with a resolution of 50 metres and a swath width 
of 300 km. It was felt that the combination of a 
wide swath and the frequent images offered the 
best possibilities for vessel monitoring in the 
Flemish cap area. A number of other images with 
different resolutions, polarisations and incidence 
angles were also analysed in order to test the 
sensitivity of the method to these parameters. An 
image interpretation algorithm to detect the 
fishing vessels was developed and tuned to opti­
mally detect vessels against a noisy background 
and automatically remove false positives. 
Figure 5.2: SAR 
signatures of the same 
vessel captured on 
three different days. 
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Figure 5.3: Geographical 
information system 
(ArcView) used to 
display results. Users can 
make queries such as 
"display all the vessels 
detected with the SAR 
together with the VMS 
records". This image uses 
vessels detected by 
RADARSAT ScanSar 
narrow on 15 June, 
1999 in the Flemish cap 
area. The flags mark the 
corners of the image. 
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Contacts with the Spanish, Portuguese, 
Norwegian and Icelandic Fisheries Inspectorates 
helped to obtain information from their on­board 
GPS­based Vessel Monitoring Systems (VMS). The 
VMS information was stored in a database and 
analysed to determine the position of vessels on 
image acquisition times. The positions of the 
vessels detected on the SAR images were cross­
checked with this VMS information and also with 
the "HAIL" messaging system, with the European 
Union inspectors' log­books, and with images ob­
tained from Canadian aircraft over­flights. 
Analysis showed that the ScanSar Narrow images 
were indeed very suitable for detecting vessels. 
Except under very adverse weather conditions it 
was possible to find all the vessels within one im­
age frame and the positions deduced were consis­
tent with the ancillary information. Following an 
invitation from the Fisheries Directorate General, 
the results were shown at a meeting of EU 
Inspectors in Gothenbourg. There was general 
agreement that SAR imagery could usefully comple­
ment the VMS system by detecting vessels whose 
on­board systems were not functioning correctly. 
Fish Stock Identification 
authors: J.M. Zaldivar, H. Hardy, A. Imsiridou 
A substantial amount of research at national and 
international level has been devoted to develop 
genetic methods for the characterisation of dif­
ferent fish stocks. These studies are based on the 
collection of samples at different locations and 
the use of various methods for examining the ge­
netic structure of the stock. There are a number 
of AIR, FAIR and BIOTECH projects aiming at the 
generation of such data sets and the literature 
describes many such studies. 
The generation of the data is time­consuming and 
costly, but i t is not evident how this data can be 
used for control purposes by national molecular bi­
ology laboratories interested in assessing the ori­
gin of a particular fish species. Consequently, there 
is a need to store the data in a database easily ac­
cessible to researchers and control authorities. 
ISIS developed a prototype database concerning 
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Figure 5.4: Fishgen database indicating analysis type ­
Allozyme (red), RFLP (green), sequencing (blue), 
microsatellites (pink)­ and location for Sea trout. By clicking 
on the points, data concerning the specific sites is obtained. 
exclusively the different genetic data from fish 
studies. This web database (http://fishgen.jrc.it) 
is accessible to researchers and control authori­
ties through the Internet, see Figure 5.4, and 
should serve as a repository of information about 
genetic differentiation of stocks of commercially 
important fish species [5.6,5.7]. I t contains data 
from studies involving different methodologies 
and techniques applied in fish genetics [5.8], 
e.g. allozyme electrophoresis, Restriction 
Fragment Length Polymorphisms (RFLPs), se­
quencing data, and microsatellites data. 
The database should allow molecular biologists 
working in genetic fish identification to access 
rapidly and efficiently the existing information 
about materials, methods and results obtained 
for the desired species. The database has been 
developed in a way that new information can be 
inserted easily by researchers in the field submit­
ting their own data [5.9]. As a specific case 
study, allozyme analysis to differentiate between 
one Atlantic and one Mediterranean Hake popula­
tion have been carried out [5.10]. 
The database may be the essential first step in 
establishing a systematic European capability in 
determining the origin and species of a fish or a 
part of a fish from its DNA. I t is a promising 
forensic tool to support conservation, anti­fraud 
and consumer protection policies. 
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Information Management and Computer 
Communications for Anti-Fraud 
authors: A. Garg, T. Barbas, R. Steinberger 
R&D in information management and computer 
communications is rapidly expanding to include 
various new research fields - like information re-
trieval, data mining, data visualisation, language 
engineering, workflow and document manage-
ment. Work is also expanding to include develop-
ment of prototype solutions and delivering con-
sultancy for specific real-world problems and is-
sues. The year 1999 saw both the initiation and 
completion of various projects that are given be-
low. Lessons learnt and know-how for these pro-
jects was disseminated via presentations. These 
tasks were implemented through projects, using 
both institutional and external funding; the main 
customer or beneficiary of which was the 
European Anti-Fraud Office (OLAF). 
Prototypes of selected workflows are expected to 
benefit OLAF in formalising some important busi-
ness processes [5.11]. Methodological aspects of 
this work were presented at an international con-
ference [5.12]. The web-based prototype applica-
tions are based on ActionWorks Metro software of 
Action Technologies. 
ISIS developments have shown how Geographical 
Information Systems help to analyse and visu-
alise OLAF's Early Warning System's (EWS) transit 
data for sensitive goods. New developments in-
cluded the possibility for predefined queries to 
an EWS database (via ODBC), spatial analysis ca-
pabilities, a rebuilt user interface to enhance us-
ability, and the automation of some visualisation 
functions for the casual user. 
Analysis of a number of relevant data sources and 
associated problems was carried out on behaLf of 
OLAF. First, we looked into the feasibility of com-
bining EWS transit transactions and IRENE fraud 
case data. Then, in the area of data warehousing 
for the textiles sector, an in-house development 
of "outlier detection" software was demonstrated 
and tested on data coming from the COMEXT and 
GSP systems [5.13]. OLAF has now requested fur-
ther developments to make the tool useful to ca-
sual users. In addition, an analysis of IRENE data 
was performed to establish the feasibility of inte-
grating this data into a data warehousing envi-
ronment in OLAF [5.14]. An expert study on be-
half of DG AGRI, Clearance of Accounts (ex DG 
VI.A.1.3) about data warehousing technology for 
paying agencies data [5.15] was completed in 
June and presented in September 1999. Finally, a 
problem statement on networks of entities for 
VAT fraud accompanied by demonstrator software 
was delivered following a request from OLAF. 
Research in information retrieval and distributed 
systems theory brought new results on theoretical 
problems of distributed systems (including coor-
dination theory) [5.16] and on the implementa-
tion of a new algebraic model for information re-
trieval systems [5.17]. 
A new project called INT00LS-2 (Tools for 
Intelligence) has the ambitious aim to complete 
two software tools, DOCTUM and IIIMS, and to 
make these tools a part of OLAF's every-day work-
ing practice. DOCTUM is an approximate string 
matching application for database cleaning. New 
string matching algorithms and a redesign of the 
user interface will be the main results of the pro-
ject. IIIMS (Integrated Information and 
Intelligence Management System) is a system to 
retrieve, gather, organise and access relevant 
sources of information in the context of an-
tifraud. The system features a structure to organ-
ise sources of information according to a subject 
classification (thesaurus) and a standardised sys-
tem description. The main contribution will be to 
implement IIIMS as an information portal for 
OLAF's horizontal fraud-control functions using 
Internet-based technologies [5.18]. 
New technologies are needed to obtain fraud-re-
lated information through automatic intelligence 
gathering from the World Wide Web (WWW). For a 
first application focusing on movements of ships 
and containers, the intention is to harvest and 
utilise the large amounts of data available via 
the web. Work is in a phase where a draft state-
ment of the requirements has been produced 
[5.19] and feedback from potential users is being 
incorporated. 
Language Engineering, the field in which com-
puters are used to process written text, makes it 
possible to automatically analyse and process 
large amounts of textual information written in a 
variety of European languages. Its technology 
replies to some common needs of anti-fraud 
agencies, such as the requirement to find docu-
ments relevant to current interests, to assess the 
contents of documents quickly, to extract the rel-
evant bits of information, to present them in an 
informative manner and, possibly, to derive some 
meta-knowledge from texts (such as ways in 
which fraud develops over time and countries be-
coming involved with specific products) [5.20]. 
Language Engineering at ISIS concentrates on 
providing a combined multilingual system, which 
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retrieves relevant documents, extracts several 
types of information, and visualises the contents 
of individual documents and document collec­
tions [5.21]. Project Modus Operandi aims to au­
tomatically recognise the language in which texts 
are written [5.22], identify their keywords, and 
group the documents according to their similarity 
with each other [5.23]. The motivation for the 
grouping is to display main issues discussed in a 
document collection, to verify whether the iden­
tified clusters of fraud-related texts can be used 
to derive a fraud case classification, and to even­
tually classify new texts using this classification. 
Multilinguality is a serious concern. For this rea­
son, all Language Engineering activities aim at 
finding multilingual solutions that summarise 
main aspects of the contents of documents (orig­
inally written in a variety of languages) in the 
mother tongue of the user. These information as­
pects include a collection of automatically as­
signed keywords, a list of the concrete objects 
referred to in the text, geographical references 
made in the text, the subject areas to which each 
text can be attributed, and others. 
Computer communication security was assessed 
regarding some proposed European networks as 
the European Judicial Network, and the New 
Excise Movement and Control System. ISIS also 
initiated a study on security architectures for 
OLAF based on a public-key infrastructure (PKI). 
Figure 5.5: Language 
engineering for 
multilingual document 
retrieval, information 
extraction and 
visualisation. 
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Data Analysis and Risk Analysis 
for Anti-Fraud 
authors: S. Arsenis, T. Rosolin 
In 1999 ISIS continued work on data analysis 
and risk analysis issues pertaining to the ex­
ploitat ion of data on irregularities and frauds 
committed against the budget of the EU and re­
ported by Member States to the Commission. 
Exploratory Analysis of data stored in IRENE-95 was 
conducted on data transcoding from IRENE-3. 
IRENE-95 is the new habitat where reports on irreg­
ularities are currently stored. This work, reported in 
[5.24], aimed to examine how data supplied on cas­
es reported to the Commission are stored in the 
new database in comparison to its previous archi­
tecture, and to provide feedback on the design of 
the database. Emphasis was given to data transcod­
ing, duplications, omissions and on the quality of 
the data stored. Appropriate descriptive statistics 
were developed to highlight systematic or random 
errors present in the downloaded data [5.25]. 
An examination of cases reported by Member States 
has been done on the basis of subject matter knowl­
edge to differentiate between frauds and irregulari­
ties. Reporting Member States and amounts reported 
have been taken into consideration. Robust statisti­
cal tests have been applied to bring out Member 
States reporting significantly large or small cases, 
and combinations of Member States and irregularity 
types that appear to give rise to populations of cas­
es which are significantly large or small. The issue of 
cases reported with zero amounts defrauded was giv­
en particular attention. We applied a 5% sampling 
on a subset of such cases to infer that relatively in­
frequent combinations of variable categories in the 
database are due to errors that may in principle be 
corrected. Reporting practices by Member States 
with regard to irregularities reported were also high­
lighted by applying statistical tests and accounting 
for the large number of comparisons done. These 
findings are reported in detail in [5.26]. 
Data Collection and Analysis with Particular Emphasis 
on the Taintings for Reported Fraud and Irregularity 
Cases and Data Quality 
The monetary amounts stored in the free text of 
cases reported against the Structural Funds i n ­
clude, in addition to amounts defrauded, the to ta l 
payments made for each individual case. These 
data were retrieved from the free text of all re­
ported cases. The data are used for quality assur­
ance of the data previously encoded. They high­
light some conceptual clarifications needed in re­
porting of cases and allow the comparison of 
fractions defrauded against the National (Member 
State) budgets and the Community budget by 
Member State and budgetary line. In satisfaction 
of the data prerequisites for estimating the t ip of 
the iceberg problem, a literature review and com­
pilation of to ta l payments by year. Member State 
and budgetary line has been made [5.27] . 
The aim of a project called "Clusters of IRENE 
Cases" is to f ind out whether cases reported 
against the European Agricultural Guidance and 
Guarantee Fund (GAR) can be grouped into clus­
ters. Existing statistical methods had to be adapt­
ed to particular features of the data: the large 
number of observations, and the presence of cate­
gorical variables with a large number of cate­
gories. Two approaches have been adopted: mult i ­
dimensional scaling and hierarchical clustering. 
Multidimensional scaling represents the distances 
between the cases as distances of points in a 
2-dimensional Euclidean space. This procedure 
provides a simple aid in detecting the presence of 
groups which are formed heuristically, see Figure 
5.6. The three clusters clearly shown in the figure 
correspond to cases against aid, restitutions and 
storage measures. 
Two criteria have been developed to help select­
ing the number of clusters produced by hierarchi­
cal clustering. The first one is based on compar-
Figure 5.6: 
Representation of a 
sample of 1000 GAR 
(European Agricultural 
Guidance and 
Guarantee Fund) cases 
after multidimensional 
scaling with 
dissimilarities 
calculated by 
unweighted and 
weighted indexes 
shown on the left and 
right plots. 
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ing clusters obtained by different algorithms. The 
second one measures the dissimilarities between 
cases in each cluster by an index called weighted 
average dissimilarity within group. As expected, 
the index is decreasing as the number of clusters 
increases. Figure 5.7 shows the weighted average 
dissimilarity within a group vs. the number of 
clusters for aid measures. A sharp drop in the in­
dex is indicative of the number of clusters in the 
data. Hence, Figure 5.7 suggests the presence of 
five to ten outspoken clusters in the data. 
Reports [5.24-5.26] and [5.28] contain partially 
confidential data and will not be disseminated 
freely. 
Advanced Statistics for the 
Clearance of Accounts 
author: S. Arsenis 
In 1999 ISIS launched a four-year project which 
aims to provide a valid scientific basis for the 
choice of the sampling and estimation methods 
for conducting audits to estimate overpayment in 
payment populations. The methods should con­
sider control costs and prior knowledge on total 
overpayment. The primary customer for this pro­
ject is the DG Agriculture. OLAF, the European 
Anti-Fraud Office is the secondary customer. 
Data analysis of payments and auditors' data pro­
vided the Institute's "wear-in" for this new pro­
ject. I t comprised all payments made by the pay­
ing agency of a Member State in 1994-1997 for 
export refunds on a major budgetary line togeth­
er with the results of an audit conducted on the 
payment data. The final report on the data [5.29] 
elaborates on requirements that are to be satis­
fied by payments with particular reference to du­
plications and dates, highlights violations of 
these requirements in the payment populations 
and compares the data furnished to those re­
quired Community Legislation. Characteristics of 
the error populations are also studied and a new 
estimator of totaL overpayment is proposed. 
We have reviewed two confidential reports of cer­
tifying bodies on payments made in 1998 by two 
payment agencies in one of the major Member 
States in the Union's agricultural policy. The re­
ports examine payment procedures and/or sam­
ples of payments in 19 budgetary lines. Our 
analysis has revealed that for some budgetary 
lines the reports provide highly relevant informa­
tion that may be conceived as prior knowledge 
for Bayesian estimation and definition of sample 
size. In addition, we discovered that operators 
reported by certifying bodies to have entered in 
irregularities in 1998, had extensively been re­
ported earlier by Member State authorities to 
have committed frauds and irregularities against 
the EU budget. Our findings on the exploitation 
of the reports of certifying bodies are in prepara­
tion to be submitted to the appropriate Commis­
sion services. 
As part of the development of Bayesian approach­
es for the clearance of accounts, the exact distri­
bution for the total number of payments in error 
observed in Monetary Unit Sampling from finite 
populations has been derived [5.30]. Some ex­
tensions of the Bayesian approach proposed in 
the classic work of Cox and Snell have been done 
[5.31], and numerical comparisons of alternative 
estimators for total overpayment are reported in 
[5.32]. Report [5.29] contains partially confiden­
tial data and will not be disseminated freely. 
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Risk Management and 
Decision Support 
editor: M. Panierini 
author: A.C. Lucia 
This chapter reports the main results of projects belonging to the fields of: 
• risk and emergency management for natural and technological hazards; 
• sustainable development; 
The research and development activities relevant to these two fields are often strictly in-
terrelated and synergistic and, in some cases, share methodologies and information and 
communication technology tools for the management of information and the support to 
decision making. 
Some facts are strongly contributing to raise the attention on the above fields: 
the complexity of technological systems has strongly increased in the last decade, as well 
as the number of "operational units" (e.g. number of flights per day in civil aviation); so-
cietal and environmental structures seem to show a rather unsatisfying degree of prepared-
ness to face disasters and mitigate consequences; there is a diffused concern about the 
possible effects of global change on the probability of occurrence of natural disasters; cit i-
zens are paying an ever increasing attention to decisions, taken at any political level, that 
may have consequences on their health, their safety, the quality of their life or the state 
of the environment. 
Risk management (analysis, reduction, perception and communication), management of 
emergency situations, sustainability assessment, and decision support are topics dealt with 
to respond to the above problems, together with a more general reflection on the science 
and governance. 
Beside the Institutional activities (Major Accident Hazards Bureau; Natural and Envir-
onmental Disasters Information Exchange System; European Co-ordination Centre for 
Aircraft Incident mandatory Reporting Systems; Integrated assessment), a non-negligible 
part of work has been done in a competitive frame (mainly Shared-Cost Actions) or as a 
support to national authorities. 
Risk and Governance 
authors: S. Funtowicz, I. Shepherd 
The mission of the Joint Research Centre is to 
provide scientific and technical support for the 
conception, development, implementation and 
monitoring of EU policies. Much of its work pro-
gramme concerns security in a broad sense in-
cluding the safety of individuab and the protec-
tion of the environment. As part of its mission 
JRC is active in raising awareness and partici-
pating in the debate on the changing nature of 
the relationship between science, government 
and the public. There are a number of reasons 
why such a debate is timely. 
Firstly, there is the progress in science itself. For 
instance, developments in life sciences, triggered 
by an increased understanding of biological 
processes and rapid developments in technology, 
are producing new products and services for the 
market. These products are bringing undoubted 
benefits to the lifestyle of consumers and offer 
unprecedented promise for the future. But their 
impact needs to be understood and regulated 
and we must learn how to cope with innovations 
which could have effects that are long-term, un-
predictable, and possibly irreversible. 
Secondly, there has been an evolution in 
European institutions. The development of an 
Internal Market with common European stan-
dards and regulations, together with the emer-
gence of the European Union as a representa-
tive of the Member States in trade discussions, 
such as those at Seattle, or environmental ne-
gotiations such as those at Kyoto, means that a 
debate at a European level is appropriate. The 
particular responsibilities of Member States, 
Council, Commission, Parliament, Agencies, 
Scientific Committees and courts are unique to 
Europe and the mechanisms for scientific advice 
to policy are not, in general, the same as else-
where. The enlargement of the Union to include 
countries from the former Soviet-bloc is immi-
nent and this is sure to bring new challenges 
and opportunities. Given this common commit-
ment, it will be necessary to provide guidance 
for the provision of scientific advice on matters 
of relevance at the EU level. This work will nec-
essarily be based on examples of experience 
both within Europe and outside. 
Thirdly, an increased understanding of the com-
plexity of the natural world has led to a realisa-
tion that scientific certainty in a number of im-
portant areas will not be achieved in the near 
future. Examples include the impact of particu-
lar greenhouse gases on global climate change, 
the impact of pollution on human health, or 
the possible hazards of the release into the en-
vironment of new chemical species, such as 
Xeno-oestrogens or genetically modified organ-
isms. Where such risks are involved, some sort 
of "precautionary principle" needs to be explic-
itly invoked rather than implicitly assumed in 
the practice of research or regulation. This 
might be accomplished by (for example) ex-
hibiting the consequences of different value 
judgements and problem-framing assumptions. 
Assessment of risks in a quantitative, technical 
style needs to be complemented by the contex-
tual aspects of the complex systems in which 
hazards arise. 
A lack of trust has recently characterised the 
debate on policy issues. Trust is essential for 
the proper functioning of science and gover-
nance alike, and is paradoxically more vulnera-
ble in a literate, sophisticated society where cit-
izens are able to assess the quality of perfor-
mance of their institutions. The solidity and ac-
ceptability of the décision making system de-
pends to a large extent on its ability to show 
that it can be fair and transparent and takes 
into account all the legitimate interests and 
opinions. There is a general agreement that the 
failed trade preparatory meeting of WTO in 
Seattle highlighted a growing influence of citi-
zens' groups on global policies. Locating science 
within an interactive, reflexive and recursive 
process of governance can provide the means 
whereby public trust in science and confidence 
in the policy-making process can be restored 
and maintained. 
The JRC is engaged in a number of initiatives 
and events for the achievement of these goals. 
The main goals are firstly to identify the policy 
concerns that require a scientific advice, sec-
ondly to determine the balance between tech-
nocratic and participatory approaches in deliv-
ering the advice, thirdly to manage risk and un-
certainty and finally to enhance the mutual 
trust among the public and the institutions in-
volved with science and governance. 
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Man Made Hazards 
introduction: J.S. Duffield 
Man's continual pursuit of technological develop-
ment poses a small but inevitable risk to society 
in general. The public acceptance of this risk is 
closely linked to the balance between the benefit 
and the potential undesired consequences arising 
from such activities. Two industries which play a 
central role in creating our present day life-style, 
are the chemical process industry and air trans-
portation industry; and i t would be difficult to 
imagine our society functioning without them. I t 
is therefore of paramount importance that the 
safety of these industries is assured, and much of 
the Institute's efforts related to man-made haz-
ards concentrate on this. 
The Major Accident Hazards Bureau (MAHB) sup-
ports EL) policy on the control of major hazards 
involving dangerous substances and the preven-
tion and mitigation of major accidents from fixed 
installations, and closely coupled to this is the 
support given to the upcoming Directive con-
cerning the carriage of dangerous substances in 
pipelines. Other activities have been carried out 
supporting Regional Policies in the field of Civil 
Protection. Central amongst these is the develop-
ment and installation of an integrated system for 
environmental pollution monitoring, accident de-
tection, emergency management and support to 
land use planning and recovery. In parallel relia-
bility and safety software tools have been devel-
oped. Regarding air transportation safety the 
European Co-ordination Centre for Aircraft 
Incident Reporting Systems (ECCAIRS) has been 
located within the Institute. This system collects 
mandatory information on aircraft incidents and 
allows civil aviation authorities to exchange in-
formation amongst themselves. By analysing 
these data and identifying "root causes" the ex-
pectation is that air transportation will be con-
tinually improved. 
Major Accident Hazards 
Bureau 
authors: J.S. Duffield, N. Mitchison, C. Kirchsteiger 
The Major Accident Hazards Bureau (MAHB) gives 
independent scientific and technical support to 
the Commission in the field of EU policy on the 
control of major hazards involving dangerous 
substances and the prevention and mitigation of 
major accidents. This most notably concerns the 
successful implementation and monitoring the 
"Seveso I I " Directive 96/82/EC for the control of 
major hazards in fixed installations. Furthermore, 
in order to fulfil its information exchange obliga-
tions towards the Member States, the Commission 
established the Major Accident Reporting System 
(MARS) and the Community Documentation 
Centre on Industrial Risks (CDCIR) which are 
managed and maintained by MAHB. 
The principal customers of the MAHB are the 
Commission, particularly DG Environment, and all 
actors concerned with process plant safety includ-
ing the legislative and regulatory process; these 
customers include national and local authorities, 
industry, research organisations, safety consul-
tants and trade unions. The transposition of the 
"Seveso I I " Directive into Member States' national 
law was due to take place by February 1999. This 
introduced significant changes to policy related 
to the control of major hazards, and it is these 
changes and their consequences, which were the 
focus of much of the Bureau's work in 1999. 
Member States are legally obliged to notify the 
occurrence of major accidents to the Commission, 
and significant effort is devoted to the analysis 
of these accidents and to extract and distribute 
lessons learnt. To this end, the Bureau operates 
and maintains an accident reporting system called 
MARS. Using this system, Member State authori-
ties have a local data logging system, which they 
use to prepare accident reports. These reports are 
then submitted in electronic form to the central 
MARS system run by the MAHB, where advanced 
analysis tools have been developed to facilitate 
in-depth analysis of the accidents notified. To 
enhance transparency i t is intended that much of 
this data will be made generally available 
through the MAHB web site. 
The Community Documentation Centre on 
Industrial Risk now holds over 3500 documents 
and is a very important source of knowledge on 
process safety and industrial risk. This library 
holds, in addition to documents conventionally 
published, a wide range of "grey literature", such 
as company reports, codes of practice, accident 
reports, safety studies, etc. A new web-based fa-
cility has been prepared in 1999 holding indexing 
information, abstracts, authors, keywords etc., for 
all these documents thereby enabling on-line ac-
cess to the CDCIR through the MAHB web site. 
During 1999 a prototype of a European wide, GIS-
based, accident analysis package specifically ori-
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Figure 6.1: 
Consequences of an 
uncontrolled runaway 
reaction in a batch 
chemical production 
plant. (Courtesy of 
The Examiner, Cork, 
Ireland) 
ented towards "Seveso" industrial plant was de­
veloped. This software, the Seveso Plant 
Information Retrieval System (SPIRS), has the 
goal of containing all relevant data on industrial 
plant throughout Europe which has to comply 
with the Directive. I t will enable the Commission 
to perform hazard potential· and risk categorisa­
tion assessments on a uniform basis. 
The Bureau, in close collaboration with DG 
Environment, runs a number of Technical Working 
Groups. In most cases the primary objective of 
these groups is to develop guidance to ensure a 
coherent and correct implementation of the 
Seveso I I Directive. I t was a major achievement 
that, as a compendium to the Directive and prior 
to the transposition of the Directive into Member 
States' national law, a full set of "guidance" doc­
uments has been completed, published and wide­
ly distributed by MAHB. Guidance documents are 
available on "Information to the Public", 
"Inspection Systems", "Safety Reports", "Safety 
Management Systems", "Major Hazard and Land­
use Planning" and "Harmonized Criteria for 
Limiting the Information in a Safety Report". All 
can be viewed and downloaded from the MAHB 
web site. Further work, as requested by the 
Council of Ministers and the European 
Parliament, concerning "Substances Dangerous to 
the Environment" (TWG7); and "Carcinogenic 
Substances" (TWG8) is ongoing. The outcome 
from these working groups will be in the form on 
an amendment to the Directive. Similarly, prepar­
ative work has been undertaken this year on the 
formulation of a draft directive on the hazards 
associated with the transportation of dangerous 
substances through pipelines. The Bureau has a 
long tradition in organising international semi­
nars on themes related to industrial risk. In 
1999, in view of the transposition of the Seveso 
I I Directive, an important international confer­
ence was organised in Athens entitled "Seveso 
2000", in which delegates from competent au­
thorities, industry research organisations and 
academia were able to present their views on the 
worth, practicalities and functioning of the 
Directive. Over 250 delegated from 33 countries 
attended. A related more restricted seminar was 
also organised in Turku, linked to the committee 
meeting of the Competent Authorities, in which 
software relevant to the Directive was presented. 
The Directive and the functioning of the Major 
Accident Hazards Bureau can also be viewed as a 
model on which the Pre­Accession States, the 
Central and Eastern European States (CEE) and the 
Newly Independent States (NIS) can base their 
own policies on the control of major hazards and 
the prevention and mitigation of major accidents. 
The growing importance of the internet has been 
recognised and MAHB maintains an active and 
dedicated web site "http://mahbsrv.jrc.it" from 
which documentation, software tools, MAHB pub­
lications and relevant information can be readily 
downloaded by interested parties. A selected list 
of MAHB publications for 1999 is given in [6.1 ­
6.12]. 
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ECCAIRS: European 
Co-ordination Centre for 
mandatory Aircraft Incident 
Reporting Systems 
author: W. Post 
ECCAIRS is a network of collaborating EU aviation 
authorities with the objective to collect and as­
sess aviation incident information from EU 
Member States. Authorities exchange information 
amongst them and contribute to the EU informa­
tion system in the ECCAIRS central office, located 
at the JRC in Ispra. The project's objective is to 
have all Member States participa-ting actively in 
the ECCAIRS network by the end of the Fifth 
Framework Programme. From the central office, 
data and assessments are disseminated to the 
national aviation authorities and other autho­
rised organisations. 
The ECCAIRS project has designed and imple­
mented the tools that are at the basis of the pro­
posal (prepared by DG Transport) for an EU 
Council Directive: "Establishing a co-ordinated 
system of national mandatory occurrence report­
ing schemes in civil aviation". This directive is 
based on the conviction that the establishment, 
at Community level, of a mandatory reporting 
system is feasible and that a suitable tool (ECCA­
IRS) has already been developed. I t is expected 
that this directive will be adopted and activated 
before the end of 2003. 
In 1999 the ECCAIRS steering committee has 
been created, in which representatives of all EU 
Member States have taken a seat. Other European 
aviation authorities (Iceland and Norway) as well 
as ICAO, ECAC and JAA are represented. The list of 
steering committee members comprises about 25 
organisations. From 1999 onwards, this commit­
tee will decide on how the ECCAIRS network and 
tools will evolve. To support the committee, the 
ECCAIRS website has been extended with a col­
laboration forum, which the steering committee 
can use to exchange opinions and information. 
S3 CCCAII15 Graphe 
In October 1999 release 3.3 of the ECCAIRS 
Reporting System software has been presented to 
the newly erected steering committee. This new 
version of the software is now distributed to 
forty-three aviation authorities (or related organ­
isations) in Europe, the United States, New 
Zealand, Canada and Africa. The reporting system 
allows the authorities to collect civil aviation in­
cidents and accidents data following an interna­
tionally well accepted standard (ICAO-ADREP). 
New is a facility to graphically analyse the con­
tents of the databases (see Figure 6.2). Data 
from the national information systems can be 
sent electronically to the ECCAIRS central office, 
to peer organisations in other countries, and po­
tentially also to ICAO (International Civil 
Aviation Organisa-tions, the UN authority for civ­
i l aviation). 
Eurocontrol plans introducing incident reporting 
for Air Traffic Management at European level. The 
strategy is to base the electronic reporting tool 
on the ECCAIRS database structure and technolo­
gy. During 2000 the tool will be developed in a 
collaborative effort with ICAO and the JRC. 
Figure 6.2: The 
ECCAIRS Grapher 
application in action. 
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Figure 6.3: One major 
objective of the 
SIMAGE Framework 
Agreement with the 
Italian Ministry for 
the Environment is 
the development of an 
integrated information 
exchange network that 
covers the main 
existing Italian risk 
areas. 
Figure 6.4: Here the 
HARIA­GIS displays 
combined information 
about the affected 
industry, the area of 
interest for the 
emergency, traffic 
density and the 
available resources. 
Risk Monitoring and 
Emergency Management 
authors: J.P. Nordvik, A.C. Lucia 
The ItaLian Ministry for the Environment entrust­
ed ISIS with the SIMAGE project to establish a 
national integrated system for environmental 
monitoring, risk management, and environmental 
end technological emergency management. 
Objectives are: 
• to create harmonized air­quality networks for 
the industrial areas of Brindisi and Taranto, in­
cluding the integration and optimization of ex­
isting air­quality networks, the installation of 
new monitoring stations and air pollutants in­
struments, and the definition of quality­control 
procedures and associated control laboratories; 
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• to design and establish a national coordination 
centre for environmental information exchange 
concerning air, water and soil quality; net­
worked with the major existing Italian risk ar­
eas, in particular, the areas of Brindisi, Taranto, 
Porto Marghera, Priolo-Augusta, Gela, Milazzo, 
Genova, Ravenna e Livorno-Piombino; 
• to develop a pilot system for the monitoring 
and control of the transportation of dangerous 
substances via road, railway, and sea, including 
a benchmark exercise of tracking and mobile 
communication technologies, and the realiza­
tion of local systems in Brindisi, Taranto and 
Porto Marghera for traffic control and emer­
gency management; 
• to define a set of indicators for the assessment 
of the environmental sustainability of highly 
industrialized areas, their evaluation for the 
Brindisi and Taranto areas, as well as their use 
for the development of decision support tools 
for effective Land management and restoration 
policies. 
SIMAGE started effectively in Autumn 1999 with 
ISIS in charge of the design, realization and ef­
fective establishment of the- integrated system, 
as well as of the overall project coordination. 
HARIA-GIS: a Support Tool 
for Emergency Planning 
author: S. Contini 
The HARIA-2 project provides a methodology for 
supporting the emergency planning in hazardous 
chemical/petrochemical industries as well as for 
training decision-makers. HARIA-2 is an initiative 
supported by the Italian National Research Council 
in co-operation with the Civil Protection 
Department. The project is performed jointly with 
the University of Pisa (Co-ordinator), the University 
of Trieste, the International Institute of Sociology 
(Gorizia), and the Centro Studi Esperienze of the 
National Fire Brigade Corp of Italy. The research 
presents various interesting aspects, namely: 
• The consideration of the probable behaviour of 
the population depending on the type and fre­
quency of the information received; 
• The simulation of the emergency taking into 
consideration the road traffic evolution and the 
movement of rescue services (e.g. accident 
type, road traffic, resources availability) and 
the actions taken by the user (e.g. closure of 
roads, evacuation of a vulnerable centre or of a 
residential area); 
• Improving knowledge on the characteristics of 
the industrial activities taking place in the area 
of interest and the potential for damage in 
case of accident; 
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• Identifying the necessary resources to face 
emergency situations; 
• Evaluation of intervention times of rescue ser-
vices, depending on the status of the road net-
work and of the traffic density; 
• Comparison of evacuation against staying in-
doors; 
• Comparison of different intervention strategies; 
• Plotting of the number of people at risk vs. time; 
HARIA-GIS represents the prototype software tool 
implementing the methodology, which will finally 
be validated on a real case. 
The ASTRA Toolset for 
Systems Dependability 
Analysis 
author: S. Contini 
ASTRA is a powerful tool, based on the fault tree 
technique, for complex systems dependability 
analysis. At the current stage of development, 
ASTRA is composed of the following modules: 
• Project Manager (Desktop), to efficiently man-
age the large amount of data generated during 
the analysis; 
• Fault Tree Analysis (Basic tool), implementing 
a powerful analysis method, based on Binary 
Decision Diagrams, able to completely quantify 
very complex fault trees (which were not possi-
ble to quantify before without adopting crude 
approximations); 
• Fault Tree editor and Reliability database for 
supporting the fault tree construction and edit-
ing (add-on module); 
• Probabilistic Time Dependent Analysis allowing 
the simulation of any type of testing and in-
spection policy (add-on module); 
• Sensitivity and Trade-off analysis for system 
design improvement based on the concurrent 
analysis of the whole set of fault trees describ-
ing system failure states (add-on module); 
Other modules will be added soon, covering as-
pects such as uncertainty, event trees and 
Markovian stochastic processes. Information on 
ASTRA is available at http://dsa-isis.jrc.it/astra. 
Cipratech 
author: J. P. Nordvik 
The principle aim of Cipratech is the transfer of 
risk evaluation technologies from the nuclear en-
gineering sector to the capital investment sector. 
The CIPRATECH concept is based on a suite of 
methodologies, services and tools that will facili-
tate the evaluation of risk for venture capital ini-
tiatives, and for mutual and pension funds man-
agement. This new and rapidly growing business 
area includes high-tech start-ups, which need ex-
tra funding to start the production of innovative 
products, and SMEs which want to increase and 
renovate their production facilities. Many of such 
venture capital initiatives fail because of insuffi-
cient access to information and funding. 
CIPRATECH provides a new perspective of risk, ex-
tended to a business area for which existing 
evaluation tools do not address all aspects of 
risks in a systematic way. The technology transfer 
opportunity is offered by software technologies 
developed and copyrighted by ISIS for Industrial 
Probabilistic Risk Assessment (PRA) and in par-
ticular the software platform called Stars Studio. 
CIPRATECH's output will be a risk assessment re-
port which should assist the capital investor/ 
manager in his evaluation process. It also gives 
recommendations to the seeker/entrepreneur for a 
better chance of success. The main contribution of 
ISIS in this project has been the adaptation of the 
Figure 6.5: Event tree 
analysis of a scenario 
that would result from 
the failure of the 
Marketing and Sales 
aspect of a venture 
capital business 
proposal. The scenario 
considers mitigating 
and degrading events, 
showing their 
respective 
probabilities of 
occurrence. At the end 
of each scenario path 
is a quantification of 
the path frequency, its 
consequence (in terms 
of financial cost) and 
the overall risk. 
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underlying PRA methodology of Stars Studio for 
the Venture Capital domain. This included the 
identification of the PRA techniques, and the defi-
nition of the associated methodological tasks to-
gether with the information that should be solicit-
ed from the Venture Capital experts. The Stars 
Studio platform now has an automatic report gen-
erator. This new functionality generates a Microsoft 
Word document that incorporates configurable se-
lection modelling and analysis information. 
A "test business case" has been modelled and 
analysed using Stars Studio. The case started 
with a Business Proposal, a typical document 
that is presented to Venture Capitalists. This 
business proposal was abstracted into a Stars 
Studio System model. A preliminary Hazard 
Operability (HAZOP) analysis was performed using 
Risk Matrix techniques to identify prominent 
dangers to the proposal. These prominent dan-
gers were then analysed in greater detail using 
Event Tree and Fault Tree analysis. The transfer of 
PRA techniques to the Venture Capital domain 
has shown promising results so far. The Cipratech 
project is ongoing and is scheduled for comple-
tion at the end of the year 2000. 
HARSNET: Thematic network 
on hazard assessment of 
highly reactive systems 
authors: J.M. Zaldivar, J.S. Duffield 
HarsNet is a Brite-EuRam thematic network on 
hazard assessment of highly reactive systems. 
The main objective of this network is to transfer 
the safety knowledge, procedures and best avail-
able practices from big companies and research 
centres to small and medium size chemical indus-
tries. The Network has been running one year and 
it is fully operational. The following projects are 
running: 
• Harsbase: A database on publications related to 
European and national projects, with informa-
tion on thermal hazard assessment, research 
groups and safety laboratories with details of 
their abilities; 
• HarsWeb: http://www.harsnet.de/ contains in-
formation concerning the different tasks and 
last developments; 
• HarsGuide: A guide containing best available 
practices for safety assessment of reactive 
chemicals outlining not only the methodologies 
but also the current discrepancies. This guide is 
addressed to experts in the field but the idea is 
to develop further a common methodology 
(HarsMeth) addressed to everybody responsible 
for supervising and controlling chemical 
processes; 
• HarsSMEs: Dissemination of the information to 
SMEs through the organisation of national fo-
rums where chemical industries are invited (fo-
rums have already been organised in Italy, 
England, Germany, Greece and Spain); 
• HarsRes: to propose research projects support-
ing HarsNet methodologies. Three research pro-
posals have already been submitted; 
HarsEdu: Review and standardise the contents of 
the different national educational programs for 
teaching technical safety at universities and 
technical institutions. 
Natural Hazards 
introduction: A.G. Colombo 
This section presents four contributions: 
• The NEDIES project, which provides scientific 
and technical assistance to Member State civil 
protection services and organisations involved 
in the management of natural and environmen-
tal disasters; 
• An exploratory research study on the dynamics 
of earthquake faults; 
Activities performed in co-operation with IIASA 
(International Institute for Applied Systems 
Analysis) in the area of catastrophic risk man-
agement; 
An application of geographic information system 
and spatial analysis techniques to the problem 
of harmonising the European map of snow loads 
for structural engineering design codes. 
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Natural and Environmental 
Disaster Information 
Exchange System (NEDIES) 
authors: A.G. Colombo, C. Theophili 
The project NEDIES (Natural and Environmental 
Disaster Information Exchange System) was 
launched to support DG Environment. The main 
aim of the project is to provide scientific and tech­
nical assistance to Member State Civil Protection 
Services and Organisations involved in the man­
agement of natural and environmental disasters, 
and help in the exchange of experiences at 
European level. The overall project has been split 
in two phases: the pilot phase and the operational 
phase. The pilot phase started in January 1997 and 
was dedicated to the design, development and 
testing of the overall methodology which now is 
being implemented in the operational phase; the 
activity focused on few types of natural disasters, 
mainly floods and earthquakes [6.16]. The opera­
tional phase of the project started in the mid 
1999, extending main types of natural disasters 
(e.g. floods, earthquakes, avalanches, landslides, 
forest fires) and considering also environmental 
disasters. The project deals with disasters on the 
territory of the Union and associated countries 
(EEA) and, in less priority, with outside disasters 
of significant interest for the Member States. 
A first meeting on "Analysis of Catastrophic 
Avalanches occurred in the EU and Proposal for 
Concrete Measures" was held at the JRC Ispra on 
4 and 5 October 1999. The meeting was attended 
by experts from Austria, Finland, France, Iceland, 
Italy, Luxembourg, Norway and Switzerland. Four 
avalanche disasters occurred in Europe and two 
avalanche disasters occurred in Iceland were pre­
sented and discussed. A "lessons learnt report" is 
being prepared, based on the contributions pre­
sented at the meeting. At the same meeting, four 
working groups were created, with the aim of 
producing recommendations on how to face an 
avalanche disaster. The working group areas have 
been defined according to the main management 
phases of a disaster, i.e.: prediction and mitiga­
tion, prevention (including risk assessment), pre­
paredness and intervention (immediate response 
measures), and information to the public. Each 
working group is preparing recommendations to 
deal with the problems arising in the respective 
area of competence. 
Earthquakes predictability 
authors: P. Haehner, Y. Drossinos 
Exploratory research on the dynamics of earth­
quake faults extended ISIS expertise on structural 
dynamics (ELSA) and on risk of complex systems. 
The emphasis of the project was earthquake pre­
dictability, and the associated hazard estimation, 
via a careful analysis of a physically motivated, 
non-trivial model of fault dynamics. 
The new model is based on the slider-block, 
stick-slip Burridge-Knopoff model of fault dynam­
ics. Specifically, a new variable was introduced to 
describe fault creep, thereby allowing for both 
plastic deformation of the fault interface and 
rigid sliding [6.17, 6.18]. The new creep-slip 
model was shown numerically to reproduce 
salient features of earthquake phenomenology; 
specifically, the event-size distribution (the dis­
tribution of number of seismic events as a func­
tion of their sizes) was found to simulate the ex­
perimentally observed Gutenberg-Richter rela­
tion. Numerical results are presented in Figure 
6.6. Moreover, the creep-slip model was approxi­
mated by a celluLar automaton algorithm that re­
produced the algebraic correlations [6.19]. 
Analytical results demonstrated that the creep-
slip model, as does the original Burridge-Knopoff 
model, exhibits a Hopf bifurcation in the velocity 
softening regime. I t was argued that this analysis 
had implication on earthquake predictability. In 
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Figure 6.6: Event-size probability density for chains of 16, 40, 
100, and 250 blocks. Total number of seismic events was 
approximately 50 000 (100 blocks). Inset: finite-size scaling 
plot. The numerically determined fractal distribution is 
consistent with the Gutenbeg-Richter relation for the 
frequency-magnitude statistics of earthquakes (a power-law 
dependence of the number on the size). 
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Figure 6.7: Flood 
interventionism. 
particular, i t suggests that aftershocks dynamics 
may be deterministically chaotic. Thus, provided 
low dimensional chaos may be identified, non-
linear time series analysis could allow short-term 
forecasting of aftershock dynamics. However, this 
short-term predictability (related to the largest 
Lyapunov exponent) would still be limited by the 
sensitive dependence on initial conditions. 
Detailed analyses of model-generated time series 
showed that if a spatial average is performed 
over the whole system, the probability of occur-
rence of a large event follows Poisson statistics. 
Namely, according to the numerical analysis of 
the model, spatially averaged seismic events are 
asymptotically (for large time separations) uncor-
rected in time. However, single-site time series 
showed a well-defined characteristic time scale 
related to the tectonic drift. Hence, if precursory 
phenomena are to be correlated to the main 
event, both temporal and spatial correlations 
should be analysed concurrently. Alternatively, 
the spatial distribution of seismicity is coupled 
to its temporal variation. 
The outcome of this project was the development 
of a new model of fault dynamics and the associ-
ated software tools for the analysis of synthetic-
earthquake statistics, and in general of fractal dis-
tributions. The acquired expertise can be construc-
tively applied to risk analysis of other complex in-
terconnected systems describable by power-law 
distributions, for example engineering systems. 
Catastrophic Risk Management 
author: A. Amendola 
The cooperation with IIASA (International 
Institute for Applied Systems Analysis) on CRM 
(Catastrophic Risk Management) is continuing. 
The management of catastrophic risks requires 
their assessment via hazard and vulnerability 
analysis; allocation of resources for their preven-
tion and mitigation; and, strategies for risk bur-
den sharing (insurance and other financial instru-
ments). Global change, natural disasters and is-
W-. 
sues of efficiency and equity in loss sharing have 
been analysed and discussed in an article being 
published in the Geneva Papers of Studies on 
Risk and Insurance. 
As far as modelling is concerned, IIASA has de-
veloped a spatial-dynamic, stochastic optimisa-
tion model to support decision making processes 
on management of catastrophic risks. The model 
is based on Monte Carlo simulations of cata-
strophic events in the selected regions. The key 
feature of the model is the stochastic search 
technique enabling adaptive adjustments of deci-
sion variables towards desirable outcomes on the 
basis of sequential simulations. The model can ac-
count for the interplay between ex ante invest-
ment in prevention/mitigation measures (on the 
part of the public authorities, the citizens and 
the insurance industry) and policies for sharing 
the financial costs ex post to the disaster. 
Insurance and other financial instruments can be 
viewed as reducing catastrophic losses to a com-
munity by spreading these losses over a wider re-
gion, and therefore as decreasing individual cata-
strophic exposure. Such instruments come into 
play when the costs for further prevention/miti-
gation are prohibitive. The model is useful· to na-
tional/regional authorities in informing decisions 
on overall catastrophic risk management. For this 
a comprehensive case study concerning earth-
quake risk has been designed together with the 
Institute of Seismic Risk Research of CNR in 
Milan. In 1999 an earthquake loss simulator has 
been implemented. The risk management results 
will be available mid 2000, and presented at a 
jointly organised Euro Conference, supported by 
the EC - TMR program on JuLy 6-8, 2000 at IIASA. 
The conference on "Global Change and Flood Risk 
Management In Europe" was held in June 1999 
(http://www.iiasa.ac.at/Research/RMP/june99/in 
dex.html). One objective was to examine the pos-
sible influence of global change phenomena on 
the potential future Losses from flood events in 
Europe. A second purpose was to examine risk 
management issues to mitigate flood damage and 
to improve the spread of the losses. From the 
presentations on climatic issues, the primary 
conclusion was that increases in precipitation as-
sociated with global warming will probably have 
little effect on future flood losses in Europe, 
even if Locally flash floods might be enhanced by 
sea surface temperature increase (Italian Riviera) 
or coincidence with earlier snowmelt and spring 
rainfalls in mountain regions. The greater contri-
bution to such losses will likely come from the 
increased movement of population, capital, and 
infrastructure into vulnerable regions. The most 
effective regulatory response to potential disas-
ters appears to be to enhance preparedness, and, 
at the same time, mitigation by non-structural 
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measures (structural measures might decrease the 
frequency but increase the potential for losses). 
Insurance and other financial instruments (such 
catastrophe bonds) for risk sharing could play an 
important role in managing the associated finan-
cial risk. In the industrialised countries, the ex-
tent of insurance coverage for these events is re-
markably low. Exceptions in the EU are countries 
such as France in which the government plays a 
major role in co-operation with private insurers. 
Turning to issues of risk sharing and mitigation, 
the conference participants examined particularly 
the role of pre-disaster measures, such as insur-
ance and mitigation, with post-disaster financing 
measures for relief and response. Whereas the re-
pair of public infrastructure is a clear responsibil-
ity of governments, the socially desired role of 
the government in compensation and disaster aid 
to the victims is controversial. The main (but not 
the only) argument underlying this position is 
the failure of ex post public disaster aid to pro-
vide incentives for the socially optimal reduction 
of the damages from natural disasters. This is an 
efficiency argument, where the goal is to opti-
mise the overall social risk level given the costs 
of its reduction. I t is important to balance effi-
ciency arguments with ideas of what is fair in 
sharing the risks. The challenge is to design poli-
cies for resource allocation between ex ante and 
ex post measures, both in prevention/mitigation 
and risk sharing provisions, which include the 
public and the private sectors in a way that the 
two objectives of risk sharing and committing to 
prevention can be pursued. 
Harmonising the European 
Map of Snow Loads 
authors: B. Eiselt, R.J. Peckham, G. Solomos 
ISIS has been applying a Geographic Information 
System and Spatial Analysis Techniques to the 
problem of harmonising the European Map of 
Snow Loads for structural engineering design 
codes. The project was financed by DG Enterprise. 
The project consortium was led by the University 
of Pisa, has partners in Italy, Germany, France, 
UK, Norway and Switzerland, while the countries 
covered and mapped include the 18 members of 
CEN, the European Committee for Standardisation. 
The project was aimed at improving the scientific 
knowledge and models for the determination of 
snow loads on buildings, and producing a sound 
common scientific basis which can be accepted 
by all European countries involved in the drafting 
of European codes for Structural Engineering. In 
the past, different countries have used different 
approaches to the statistical analysis and map-
Figure 6.8: 
Harmonising the 
European map of snow 
loads: an example of 
the zoning map 
derived for the Alps 
region. 
ping procedures as well as different return peri-
ods in their characteristic snow load values. I t 
has therefore been necessary to set up and apply 
harmonised procedures for both statistical and 
spatial analysis. 
Individual project partners have been responsible 
for collecting the data on snow loads on the 
ground for the countries concerned (typically 
several hundred weather stations per country) 
and determining the characteristic values of the 
snow loads, with 50 years return period, using 
agreed harmonised statistical procedures. ISIS 
has been responsible for setting up an integrated 
GIS database using the results supplied by the 
partners, and applying harmonised techniques of 
spatial analysis to develop the snow loads maps. 
The approach used for the mapping aimed to 
identify zones where specific relationships be-
tween snow load and altitude apply. I t involved 
several stages including the definition of climatic 
regions and the evaluation of the data for every 
climatic region in order to define distinct snow 
load zones. Finally a validation procedure was 
used to check that differences occurring at re-
gion boundaries lie within acceptable limits. 
As a result of this work, a first harmonised snow 
load zone map has been developed for all the cli-
matic regions in the 18 CEN countries. The use of 
GIS and spatial analysis has proved to be indis-
pensable for structuring, and analysing the data as 
well as visualising and interpreting results. For the 
majority of regions the map is based on snow load-
altitude relationships, while for Iceland and Norway 
the value interpolated is directly snow load, as in 
these countries there is no identifiable snow load-
altitude relationship. Here other factors, like dis-
tance from coast and special microclimatic charac-
teristics have a strong influence, and much more 
detailed work is still required to map all such local 
effects. Local knowledge of special climatic aspects 
should be taken into account where meteorological 
data is missing. Also the map will eventually need 
to be extended in order to include other central 
and eastern European countries which are foreseen 
to enter the European Union. 
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Figure 6.9: 
Visualisation of 
migration flows using 
the GIS based tool 
developed in the study 
on interregional 
migration modelling; 
modelled net flow for 
Saarland (Germany) 
in 1991. 
Interregional Migration 
Modelling 
authors: B. Eiselt, N. Giglioli, R.J. Peckham 
On behalf of EUROSTAT, we explored the possibili­
ty of using European socio­economic data avail­
able in the REGIO database to model interregion­
al migration flows. The aim was to look for corre­
lations between migration and other socio­eco­
nomic statistics available at European level, and 
to assess whether they could be used in simula­
tions related to European Spatial Development 
Policy (ESDP). 
The work made use of Spatial Interaction Models 
(otherwise know as Gravity Models) and, after an 
initial assessment of the data quality and avail­
ability, i t followed the classical steps of ex­
ploratory analysis, model formulation, model fit­
ting and finally testing the use of the model for 
prediction. A GIS based tool for visualisation of 
the actual, modelled and predicted migration 
flows was also developed as an aid to exploring 
and understanding the migration flows, and as a 
means to visualise the results of model predic­
tions (see Figure 6.9). 
Some useful correlations were found, in particular 
between migration and GDP, and between migra­
tion and unemployment rate. The main findings 
of the study can be summarised as follows: 
• The REGIO database has been successfully used 
for interregional migration modelling with 
some limitations due to availability and the 
level of detail of the data. 
• REGIO database has been successfully used for 
Cluster analysis based on the values of total in­
flow divided by population, total outflow divided 
by population, GDP per inhabitant, and unem­
ployment rate (percentage of unemployed out 
of total workforce). The identified clusters 
agree with our perception of the political/eco­
nomical/social situation in the three countries. 
• A range of different log linear models have 
been considered. Comparing the fits of aLl 
these models, i t is found that several models 
yield good fits for the countries and years con­
sidered. However, a model with real world ex­
planatory variables is more useful for simula­
tion purposes than a modeL with Lumped para­
meters; based on this criterion a single model 
could be selected that includes total GDP and 
unemployment rate as explanatory variables. 
• The final model has been tested by applying i t 
to predicting migration now in past years for 
which now data are available, with satisfactory 
results. 
• Although the REGIO database contains useful 
data for this kind of modelling, this work 
points to the need for inclusion of the Age 
structure and the Educational structure of the 
migration flows. 
Results were presented at the SIMILOR conference 
in the Netherlands, on simulating land use change, 
(http://www.econ.vu.nl/re/similor/) where interre­
gional migration was seen as one of the important 
driving forces behind changes in land use. 
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Figure 6.10: Screenshot from the first prototype of CommonGIS; visualising employment 
data for Portugal through a www browser. 
The CommonGIS Project 
authors: R.J. Peckham 
Throughout 1999, ISIS participated in the 
CommonGIS Project, which has the motto "GIS 
for everyone, everywhere". This is a shared­cost 
action (SCA) to develop the means to access GIS 
based visualisations of statistical data via an in­
ternet browser, in a user friendly way, accessible 
to everyone. A range of possible applications are 
foreseen including web based visualisations of 
EUROSTAT's statistical data on population, em­
ployment, education, energy production etc; vi­
sualisation of election results or cadastral data. 
The first prototype of CommonGIS can be viewed 
and tested at http://commongis.jrc.it/. 
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Software for Process Industries 
author: B. Worth 
Software and computer models developed in sup-
port of ongoing activities within ISIS are finding 
useful outlets in a range of industrial applica-
tions. Process engineering benefits from software 
developed variously for emergency pressure relief 
and venting systems, industrial gas-liquid chemi-
cal reactors, and the simulation of gas cloud ex-
plosions in complex geometries. These tools are 
allowing improvements to process safety and de-
sign as well providing the computational means 
for improving performance and efficiency for a 
range of industrial processes. 
RELIEF: Emergency pressure 
refief simulation 
author: J.S. Duffield 
The RELIEF software models the phenomena asso-
ciated with emergency pressure relief of chemical 
plant when an uncontrolled thermal runaway re-
action occurs. These types of accidents occur all 
too frequently and their relevance is strongly re-
lated to the EU Seveso I I Directive 96/82/EC. 
Pressure relief and disposal systems are critical 
safety devices used to protect chemical and 
petrochemical installations from over-pressure. 
Incorrect design of relief systems has led to a 
large number of important accidents which have 
resulted in significant loss of life, and adverse 
impact on the environment. Recognising that the 
underlying physical phenomena are complex and 
difficult to understand, RELIEF has been specially 
developed to be user friendly and to ease the 
task of designing relief devices and disposal sys-
tems. Further information documentation and 
demonstration packages can be downloaded at 
http://mahb.irc.it/RelatedProjects.html/. 
ADMIRE: Advanced Design 
Methodologies for Improved 
Performance of Gas-Liquid 
Reactors 
authors: H. Städtke, B. Worth, G. Franchello 
The ADMIRE shared-cost action develops ad-
vanced methodologies for designing gas-liquid 
chemical reactors which are used for gas produc-
tion in chemical and petrochemical industries. 
The Computational Fluid Dynamics (CFD) tools 
developed allow detailed calculations of complex 
local flow and related turbulent phenomena. I t is 
expected that these techniques will repLace in 
the near future the highly empirical design meth-
ods used today, which rely heavily on expensive 
experimental verifications. 
Recent advances in ADMIRE led to the improved 
modelling of the governing two-phase flow 
processes; including the description of fluid-parti-
cle interaction such as bubble coalescence and 
break-up, the ability to treat bubble size distribu-
tions, two-phase dispersion and turbulence phe-
nomena, and their coupling with heterogeneous 
chemical reactions. ISIS developed and assessed a 
new model for the transport of Interfacial Area 
Concentration (IAC) - a flow parameter which 
largely governs the coupling of the two phases 
and the chemical reaction kinetics. The IAC model 
has been implemented into the JRC 2-D Advanced 
Two-Phase Flow (ATPF) code (see also chapter 4) 
and a number of assessment calculations have 
been performed for the model verification. 
PIOWC: Performance 
Improvement of an Oscillating 
Water Column Power Plant 
authors: F. Andritsos, I. Vakalis 
An OWC Power Plant produces electricity from 
wave energy. It consists of a chamber constructed 
along coastlines where the sea is quite rough. The 
incoming waves produce an oscillating free sur-
face of the water inside the chamber causing, via 
a piston effect, an oscillating pressure of the air 
on the upper part of the chamber. A Wells turbine 
(i.e. with symmetric blades assuring a rotational 
direction independent from the air flow direction), 
on the top part of the chamber, converts the re-
sulting air flux into electric energy (Figure 6.11). 
A pilot OWC plant has been constructed in Pico, 
Azores, equipped with such a Wells turbine. The 
PIOWC project proposes the substitution of the 
'conventional' Wells turbine by an innovative vari-
able angle, actively controlled blade turbine. 
Measurements, done on the existing plant, as well 
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Figure 6.11: 
Schematic design of 
an Oscillating Walter 
Column (OWC) power 
plant. 
as computer simulations have indicated a signifi-
cant potential for improvement in the plant effi-
ciency. This implies a real-time blade-angle con-
trol according to one or more optimising strate-
gies. JRC's task, within PIOWC, is to design and 
build the real-time control system for the turbine 
blade angle control of an innovative, variable 
pitch turbine that will allow the performance im-
provement in the existing OWC power plant. 
REACFLOW work in the field 
of Industrial Hazards 
authors: T. Huld, H. Wilkening 
Figure 6.12: Validation calculation far the 3D reactive compressible solver of REACFLOW. 
(a) The domain is a 20m section of a two-lane road tunnel, with a single stationary car. 
The simulation is of an explosion in a hypothetical hydrogen cloud around the car: the 
outline of the tunnel domain together with iso-surf ace plots of the hydrogen concentra-
tion, showing surfaces with hydrogen concentrations of 8% (blue), 15% (green), and 
29% (red) volume fraction. 
(b) Pressure isocolour plot in a horizontal plane positioned at 15cm above the ground at a 
time t = 1ms. The four white rectangles represent the wheels of the car. At this time the 
explosion is propagating in the space between the car and the ground. 
The REACFLOW software (for details see page 67) 
was applied to study accident scenarios in a road 
tunnel for a car with a hydrogen fuel tank (Figure 
6.12). The tunnel calculations were performed 
with the new 3D compressible solver, using dy-
namic grid adaptation for improved accuracy. 
These calculations were performed in collabora-
tion with Demokritos Research Centre, who calcu-
lated the initial hydrogen distributions that 
formed the basis for the explosion simulations 
made with REACFLOW. 
STARS STUDIO for Reliability, 
Availability, Maintenance 
and Safety Analyses 
author: J. P. Nordvik 
ISIS delivered the final release of the STARS STU-
DIO software package for Reliability, Availability, 
Maintenance and Safety analyses of complex tech-
nological systems. STARS Studio offers a unique 
integrated solution to support on normal PC-plat-
forms both quantitative and qualitative analyses 
including: Preliminary Hazard Analysis, Hazard and 
Operability Analysis, Failure Mode, Effect and 
Criticality Analysis, Fault Tree and Event Tree 
analyses and Component Criticality Analysis. 
The software integrates powerful applications for 
reliability data management, industrial system rep-
resentation, advanced import/export procedures 
with traditional CAD systems, and a report genera-
tor to MS Word and Excel Office Applications. 
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Sustainable development and Integrated 
Assessment 
Water Management 
authors: R. Wolfer Calvo, M. Paruccini 
La.TI.BI is a demonstration project for using deci­
sion support systems in strategic regional water 
management. The region of Basilicata expects to 
rationalise its water allocations through the pro­
ject; involving several departments of the 
Basilicata University, regional authorities, ISIS 
and JRC's Environment Institute. La.TI.BI, which 
stands for "Laboratorio di Tecnologia Informativa 
nella Pianificazione dei Bacini Idrografici", has in­
stalled an operational center: three rooms in the 
University building in Potenza. The center advises 
the region for its strategic water management. 
ISIS developed the decision support system (DSS) 
and part of the distributed information system. 
The DSS aids the local decision makers in defin­
ing effective management policies for water dis­
tribution through multicriteria analysis tech­
niques; taking into consideration economic, envi­
ronmental and social issues. 
The system comprises three modules: 
• "AquaRoute" for defining the hydraulic net, op­
timising the definition of operational rules, and 
simulation for calculation of hydrologie indices 
• Criteria Assessment 
• NAÏADE for multicriteria analysis. 
AquaRoute reduces the huge number of possible 
feasible solutions to a subset of solutions relevant 
and promising for the decision­makers (see Figure 
6.13). I t takes into account as objective function 
only the minimisation of the gap between the de­
mand and the amount of water actually provided 
during the time horizon selected. The module for 
criteria assessment receives, as input, the water 
flow alternatives calculating the value of the crite­
ria considered. The multicriteria analysis supports 
the stakeholders in the decision making process to 
select the "best compromise". NAÏADE is a multi­
criteria software, implementing a methodology de­
veloped in­house (see Figure 6.14). 
The project achieved important results: 
• all regional water data is available in the oper­
ational center and the project is fully integrat­
ed in the regions water management actions, 
• the installation is complete including the GIS 
based decision support tools, 
• mathematical models can optimise the water 
network flow, 
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Figure 6.13: GIS model of regional water distribution in the Acquaroute model of La.TI.BI. 
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• the NAÏADE software is a suitable operational 
tool, 
• the public is well informed about the water sit-
uation via a public web site. 
La.TI.BI already reduced conflicts related to water 
distribution in the Basilicata region. An important 
finding was that several users had requested higher 
supplies than what they needed. Recognising and 
quantifying the real needs helped to reduce waste-
ful and unnecessary distribution. In addition, the 
University of Basilicata has developed a solid 
know-how on integrated water management, which 
is available for the benefit of other regions. 
Sustainable mobility 
authors: D. Bain, C. Boehner, M. Mattarelli, 
R. Wolf 1er Calvo 
Decision Enhancement Technology (DET) can con-
tribute to improved decision-making in the field 
of transport and mobility policy. The rationale for 
this is the belief that much of the knowledge nec-
essary to achieve sustainable mobility is already 
available, but that management of this knowledge 
is often fragmented, partial and characterised by 
intense disagreement among stakeholders. 
Decision-makers require aids which address the 
multi-criteria reality of almost all policy decisions 
affecting mobility and which can cope with both 
the heterogeneity of the data available and the 
large uncertainties which are invariably present. 
During 1999, the focus of this activity lay in the 
continued development of NAÏADE and its appli-
cation in a number of sustainable mobility pro-
jects. NAÏADE (which stands for Novel Approach 
to Imprecise Assessment in Decision Environ-
ments) is a tool developed by ISIS in collabora-
tion with the Free University of Amsterdam and 
initially deployed in environmental management 
projects. I t uses sophisticated software engineer-
ing to allow decision-makers to navigate their 
way within a multi-criteria decision context, 
making full use of all the different kinds of infor-
mation (crisp, stochastic, linguistic and "fuzzy") 
necessary for a balanced policy, but without be-
ing forced to rely on "black box" models. 
Transferring NAÏADE to sustainable mobility ap-
plications is a challenging task for a number of 
reasons. For one thing the very concept of sus-
tainable mobility is under constant discussion, to 
a much greater degree than environmental man-
agement, and with the accepted aims in a con-
tinuous process of renegotiation. For another, the 
policy conflicts, especially as regards transport 
issues, are generally much more immediate and 
politically very sensitive. 
This has both positive and negative consequences. 
On the negative side the passions aroused by trans-
port policy decisions are worrying to researchers 
concerned with giving neutral scientific support to 
decision-makers. On the other hand NAÏADE is par-
ticularly well-suited to conflict resolution in that it 
gives a common structure and data core to policy 
debates, makes very explicit the values underpin-
ning different viewpoints and provides an "equity 
matrix" which helps the various stake-holders to 
identify possible policy solutions which meet some 
of the desires of all parties. 
STEEDS, (Strategic Transport-Energy-Envi-
ronment Decision Support) consists of a se-
ries of interlinked models which simulate the 
effects, over all EU countries and for every 
year to 2030, of new technologies entering 
the transport system and of a wide range of 
policy options. The NAIADE-based Decision 
Support System, which ISIS contributed to 
the project, allows decision-makers to inves-
tigate "What if...?" policy packages within 
this extremely large and detailed modelling 
exercise. 
Following favourable reactions from a num-
ber of possible users, STEEDS is now on the 
threshold of being used for broad-brush ap-
praisal of European mobility policy in the 
medium- to long-term. 
The other two sustainable mobility projects in 
which ISIS is using NAÏADE are the DG Transport 
Shared Cost Action UTOPIA and another JOULE-
funded SCA called MATADOR. Both are scheduled 
to finish in 2000. 
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UTOPIA (Urban Transport: Options for 
Propubion Systems and Instruments for their 
Analysis) is a multi-partner project aimed at 
providing city-level decision-makers with a se-
ries of tools for assessing the likely outcome 
of introducing new transport technologies 
and systems. In addition to providing city-
specific aids to transport policy analysis, 
UTOPIA provides assessments of pre'/ious 
case studies, allowing more systematic access 
to past experience with new technologies and 
systems than has previously been possible. 
The NAIADE-based decision support tool will 
help city planners to assess the range of pos-
sibilities open to them, on the basis of vari-
ous economic, environmental and social crite-
ria, and guide them towards appropriate ex-
periments carried out elsewhere. 
MATADOR (Management Tool for the Asses-
sment of Driveline Technologies and Research) 
is, in some respects, a less ambitious project. 
Its aim is to provide fleet managers with a de-
cision tool helping them assess the implica-
tions for their operations of adopting novel 
driveline technologies (such as electricity, LNG, 
hybrids, etc.). Most of the other partners in 
this project are involved in the testing of inno-
vative vehicles. The ISIS contribution, known 
as MIG (for MATADOR Interactive Guide), 
serves partly as means by which the data gen-
erated from testing and standards research can 
be made available to the transport industry. 
Initial testing of the MIG on potential clients 
had positive responses. 
These projects provide important contacts with 
other European researchers, in industry, public poli-
cy research, universities and research laboratories, 
and with decision-makers at local national and EU 
level. The lessons learned are used both to improve 
the tools themselves (which are, in any event, con-
stantly evolving in the light of new ICT develop-
ments) but also to assist their applications to other 
parts of the sustainable mobility problématique. 
Integrated air quality 
assessment via remote 
observation 
authors: D. Sarigiannis, M. Moula, M. Salsana, 
G. Triacchini, L. van Wijk 
The KAROS project assimilates various data 
sources (in situ measurements, Earth observation 
and simulation modelling) to develop an open-
ended computational environment for the inte-
grated assessment of air quality [6.22]. Various 
environmental information sources integrate into 
a unique and optimally managed environmental 
information processing tool. Applications are air 
pollution monitoring, extreme incident forecast-
ing and strategic environmental assessment at 
the urban and conurban, up to regional scales. 
Progress was made regarding statistical correla-
tion between atmospheric chemistry and trans-
port model results, ground-based measurements 
and the output of satellite image processing al-
gorithms. These indicate the good agreement be-
Figure 6.15: Evolution 
of aerosol optical 
thickness in the 
central Po valley from 
1995 to 1998 and 
optimal configuration 
of the regional air 
quality monitoring 
network. 
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tween pollutant measurements on the ground 
and reckoned optical thickness of atmospheric 
aerosol, based on satellite-derived images [6.23]. 
Correlations between aerosol optical thickness 
and the normalised difference vegetation index 
(NDVI), derived from SPOT and Landsat TM high 
spatial resolution images have shown that the 
proposed method may provide valuable insight 
regarding the effects of air quality on natural 
vegetation at the regional scale. 
The ÍCAROS platform may serve as input for the 
multi-objective optimisation of ground-based air 
quality monitoring networks extended over large 
areas. State-of-the-art information tools for 
emissions inventory development was integrated 
in the platform. The ad hoc decision support sys-
tem developed in the frame of the MOON project 
(Multi-Objective Optimisation of Networks) 
[6.24]. I t follows EU guidelines for air quality 
monitoring networks and handles efficiently vari-
ous information classes including pollution dis-
tribution, land use, as well as cultural and social-
economic data. During 1999, MOON was imple-
mented in the ÍCAROS platform and first pilot ap-
plications in the monitoring network of the ex-
tended area of Brescia and the Central Po Plain in 
Lombardy, northern Italy, were completed. The 
results of the respective studies are being used in 
the Regional Plan for Air Quality in Lombardy 
(see Figure 6.15). 
Impact of Common 
Agricultural Policy 
author: D.H.A. Al-Khudhairy 
Agriculture is the biggest land user in the 
European Union. Over the centuries, European 
agriculture has given rise to unique landscapes 
with a rich variety of semi-natural habitats and 
species. However, in the last few decades agricul-
ture has also been viewed as a major source of 
pollution and a driving force behind the degrada-
tion of Europe's landscape and "natural" environ-
ment. This is because European agriculture has 
changed notably in the last four decades. I t has 
become a complex "high tech" industry that has 
increased agricultural production, thanks to rapid 
application of new technology and the encourage-
ment of generous support under the Common 
Agricultural Policy (CAP), by rates that far exceed 
those in other industries. It was not until the 
1992 CAP reform, by the provision of accompany-
ing measures (e.g. voluntary agri-environment 
measures), that the environmental dimension was 
seriously taken into consideration. Five years have 
elapsed since the majority of national agri-envi-
ronment schemes were adopted in Member States. 
The aim of this project is to establish a frame-
work for analysing the environmental and eco-
nomic impacts of specific components of the new 
CAP reform under Agenda 2000. An assessment of 
numerous empirical and modelling studies, con-
ducted in Member States by various research 
groups to examine the linkages between the 
1992 CAP reform and the environment, was car-
ried out [6.25]. The salient conclusions are: first 
the 1992 CAP reform package has not been in 
place long enough to yield a profound positive 
influence on the environment in the EU and 
moreover the 1992 reform package was intro-
duced over several years. Second, insufficient 
comprehensive survey information exists relating 
changes in farming practices and the environ-
mental impacts. Third, the 1992 CAP reform was 
also accompanied by buoyant world commodity 
markets, which influenced farmers' decisions. 
Fourth, fluctuations in agricultural practices are 
also sensitive to advances in technology, climatic 
conditions, and pest or disease incidence. Fifth, 
the agri-environment regulation is only a minor 
element of the 1992 CAP reform package (4% of 
the European Agricultural Guarantee Guidance 
Fund). However, its take-up is highly influenced 
by the level of common market organisation pay-
ments and its coverage varies widely amongst 
Member States. These factors make it very diffi-
cult to ascertain the environmental benefits of 
the 1992 CAP reform package. In other words, i t 
is still difficult to appease the critics who argue 
that the 1992 CAP reform did not go far enough 
in terms of integrating the environmental dimen-
sion in the agricultural policy area. Moreover, the 
studies show that a redirection of the CAP to-
wards a stronger inclusion of environmental con-
siderations is needed to enhance the correlation 
between policy changes and the control of envi-
ronmental impacts. The next few years will reveal 
whether the new CAP reforms under AGENDA 2000 
have been sufficiently reformed with regards to 
integrating the environmental dimension. 
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Carbon Dioxide exchange 
between EU forests 
author: PH. Martin 
Part of the work accomplished consisted in 
spelling out (using the cartographic model in 
Figure 6.16), analysing, and appraising the 
method that led us to estimate the net exchange 
of carbon dioxide between forests in the 
European Union and the atmosphere in 1997 to 
0.17 to 0.34. Following a brief review of the ob­
jectives of the study, we presented the data and 
the methods used. We then issued a series of 
caveats. We closed with a discussion of the main 
assumptions made in the calculation and a sum­
mary of the principal conclusions. The detailed 
description of our approach aims at providing 
something akin to a worked­out example, at en­
couraging alternative uses of the method, and at 
stimulating further methodological develop­
ments. This work is currently being published 
[6.26]. An interactive database system for forest 
sink analysis constitutes another completed pro­
ject. This system interconnects a database con­
taining a wide variety of data as well as models 
operating at different scales. This could serve as 
a template for future JRC Global Change cluster 
efforts. Figure 6.17 provides a graphical represen­
tation of the prototype. 
Information Technologies for 
Sustainable Development 
author: A. Guimarães Pereira 
Integrated Assessment (IA) aims at the integra­
tion of knowledge from diverse sources as part of 
the policy making process. Frequently, IA deploys 
computer models and other Information and 
Communication Technology (ICT) in ways that are 
accessible to and used by only a limited range of 
scientists or within expert circles. Recent devel­
opments of ICT open up new possibilities for an 
extended participation to face the critical prob­
lems of our local and planetary co­existence. 
Policies for a "sustainable development" of our 
societies, i.e. a shared future that affirms the 
virtues of a co­existence in diversity (diversity of 
cultures, life forms and ecosystems), can be pro­
moted through convivial forms of information 
sharing and social communication. 
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The VISIONS project "Integrated Visions for a 
Sustainable Europe" is being implemented for 3 
different regions in Europe, ISIS being responsible 
for the Venice region. For this shared-cost action, 
a set of four images of the future of Venice in 
2025 was prepared, providing insights about sys-
temic interactions amongst different dimensions 
of sustainability. These scenarios were proposed 
through in-depth interviews to stakeholders in 
Venice organised according to 4 different cate-
gories: policy makers, business & engineering, cit-
izens and entrepreneurs. There were various types 
of reactions to the four scenarios, including to the 
concept of scenario itself. A second phase of the 
social research component of this project will take 
into account these reactions, incorporating 
changes not only to the scenario contents, but al-
so on the ways the scenarios are actually present-
ed. A new multimedia tool is being implemented 
proposing different futures for Venice, showing in 
an interactive way the unfolding of the imagined 
visions of the future. This will be used in a partic-
ipatory process for the discussion of the different 
contradictions of sustainability and the idea of 
Venice visions as metaphors of European future 
scenarios (http://alba.irc.it/visions.html). 
A set of three global scenarios to deveLop a World 
Water Vision was designed by the Scenario 
Development Panel of the World Commission on 
Water on the 21st Century (see http://www.wa-
tervision.org/). A triple branch point for the 
World Water Scenarios around 2025 were devel-
oped as follows: 
• The Business-as-Usual scenario (BAU). 
• The Economics, Technology and the Private 
Sector scenario (TEC). 
• The Values and Lifestyles scenario (VAL). 
ISIS developed, on behalf of the Stockholm 
Environment Institute, a multi-media interactive 
tool that enables people to explore (via Internet) 
the world water scenarios and contribute with their 
feedback to the World Commission on Water, ex-
pressing comments, doubts, etc. Two different 'sto-
ries' were built. A first story features high interac-
tivity, allowing the user to explore deeply all the 
information regarding the unfolding of the scenar-
ios - in the future dynamic models may be coupled 
with this version. The second story features less in-
teraction with the user, who simply assists to the 
unfolding of the scenarios' trajectories without in-
teracting or querying - very much in the way one 
watches a movie. This tool is available as a stand-
alone version to be distributed in CD-Rom, and at 
http://alba.jrc.it/wwwvisions/scenaiios.htm. 
The GAS project (Greenhouse Gases Gauger and 
Scenario ExpLorer) applies Information and 
Communication Technology to participatory exer-
cises. The software links climate change and 
lifestyles, showing how climate change is not a 
scientific abstraction, but a relevant issue related 
to human activities. GAS is mostly about social 
learning but can also be used in educational con-
texts, and decision-making processes. Thus the aim 
is to allow a 'personal visualisation' of the issues, 
and the potential impacts of chosen pathways. 
GAS allows the user to explore routes to sustain-
ability by playing with alternative lifestyles, e.g. 
"what are the trade-offs if I change from private 
to public transport?" or "what are the trade-offs 
if they (meaning policy/decision makers) change 
the fuel mix options for power production?" The 
scenario generator consists of a family of models 
that allow the exploration of scenarios for differ-
ent perspectives of 'what is sustainable'. The 
C3ED of the University of Versailles is validating 
the present version of GAS. The validation con-
siders the calculation core, as well as the appro-
priateness of the interface for non-specialised 
users. The final version of GAS will be available 
for 5 different countries in Europe: France, Italy, 
Portugal, Spain and United Kingdom. 
Sustainable Energy Systems 
Analysis 
authors: D. Sarigiannis, A. Brovelli, F Ereno, 
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Analysis of technological innovation and EU poli-
cies on renewable energy supports decision mak-
ing with regard to fostering the penetration of re-
newables into the EU energy market whilst pro-
tecting the consumer and the environment from 
the respective technological risks. One of the ma-
jor outputs of this work, an electronic Atlas of the 
bio-energy potential in the EU, helps decision-
makers pinpoint the areas of major return to in-
vestment. Life cycle analysis of the the bio-energy 
cycle using fast pyrolysis of waste wood and ener-
gy crops helps identify best scenarios for cost-ef-
fective and environment-friendly energy genera-
tion in different geographic zones in the EU. 
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SHYLOC and Hydrology 
models for wetlands 
authors: D.H.A. Al­Khudhairy, R. Calaon, 
V. Hoffmann, I. Shepherd 
Scientists and conservationists have long recog­
nised the valuable functions wetland ecosystems 
perform within a social, cultural and economic 
network, which include refuge for wildlife, a filter 
for pollutants as well as a buffer against flood­
ing. However, although wetlands are among the 
most important ecosystems on earth, they are 
still threatened by a wide variety of human activ­
ities (e.g. reduction in the quality and quantity 
of the water supply) both in developed and in 
developing parts of the world alike. Wetlands are 
driven by water. In other words, hydrology is the 
key factor behind the functioning and diversity 
of wetlands. Thus, an understanding of the hy­
drology of a wetland is a prerequisite for produc­
ing sustainable and integrated management plans 
for wetlands that can balance the present and fu­
ture needs of all interested parties and that in­
clude wetlands as part of the water management 
system (see Figure 6.18). Frequently, however, 
little is known about historical hydrological con­
ditions within wetlands, such as water levels and 
extent and frequency of inundation. This is a re­
sult of two main factors: First, wetlands were un­
t i l relatively recently regarded as "wastelands" 
and thus were not monitored to the same extent 
as other types of ecosystems. Second, human in­
terventions such as land use change, drainage 
and construction of hydraulic control structures 
(e.g. pumps, earth dams and sluices) have modi­
fied these historic conditions. Mathematical mod­
els offer the potential to reconstruct past hydro­
logical conditions and to predict the effects of 
alternative management scenarios. 
The two main objectives of the SHYLOC ex­
ploratory project (originally known as Wetland 
Modelling during 1994­96) were to first assess the 
appropriateness of the hydrological models avail­
able at that time for modelling wetland hydrolo­
gy, and second to see how well information de­
rived from remotely sensed images can compen­
sate for the observed lack of ground­based data. 
Figure 6.18: Wetlands are places where the land and water come together. Some people 
call them swamps or marshes whereas others refer to them as the "between­lands, " 
because they are not really land and they are not really water. An example of low intensity 
sheep grazing in the Elmley Marshes, England and of a wetland co­existing with an 
agricultural landscape managed using traditional farming techniques sympathetic with the 
nature conservation status of the area. 
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Figure 6.19: The SHYLOC user interface (main screen) and colour­coded view of percentage 
of the ditch network that is full of water (inset screen). The main screen shows the status 
of the stream network in the Elmley Marshes, N. Kent Marshes, England in February 1998. 
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The major advantage of remote sensing is that an 
archive of Landsat TM images stretching back 
twenty years is available. The project was carried 
out in collaboration with University ColLege 
London and the Greek Biotope Wetlands Centre. 
The project focused on two wetlands sites, the 
North Kent Marshes in Southeast England and the 
former lake Karla in Greece. Both sites are pro­
tected by national, European and/or internation­
al environmental legislation. The main findings 
of this project showed that although wetland hy­
drology could be modelled using advanced physi­
cally based hydrological models (e.g. MIKE SHE) 
in the presence of simple hydraulic structures, 
such models suffered from drawbacks in the pres­
ence of complicated hydraulic boundary condi­
tions such as sluices, earth dams and water over-
spilling riverbanks [6.27, 6.28, 6.29]. The project 
also established that remotely sensed informa­
tion can play an important role in calibrating and 
validating hydrological models [6.30]. 
On the basis of these promising findings, the SHY­
LOC (System for HYdrology using Land Observation 
for model Calibration) pilot project started in 
November 1997. The three years project is partly 
funded by the European Commission, is led by 
ISIS and has partners in England, Denmark and 
Greece. The primary objective of the new SHYLOC 
is to further develop hydrological models and im­
age interpretation software in order to improve 
the simulation of wetland environments. 
A complete version of the SHYLOC software is now 
available for determining effective "wet" ditch 
widths in a network of drainage or irrigation chan­
nels over a certain area at a certain time, using a 
combination of Landsat TM images and digitised 
ditch positions (see Figure 6.19). The user-friend­
ly SHYLOC software is mainly intended for hydrolo-
gists, and offers them a tool that serves as an op­
erational link between "traditional research" 
based on field monitoring and the vast informa­
tion obtainable using remote sensing techniques. 
Moreover, SHYLOC, through the provision of ditch 
water levels, is being used to provide calibration 
data for wetland hydrological models such as the 
integrated MIKE SHE/MIKE 11 modelling package 
developed by the Danish Hydraulic Institute as 
part of the remit of the SHYLOC project. The suite 
of SHYLOC software are currently being tested and 
applied in four wetland sites, protected by nation­
al, European and/or international environmental 
legislation, in England and Greece. 
Urban models 
authors: D. Sarigiannis, R. Guzzi 
Modern cities are currently considered as dynamic 
and self-organising artefacts. They have become 
multifaceted economic, social, cultural and envi­
ronmental systems making up an organic assem­
bly of multiple interacting subsystems. With re­
gard to their spatial dimensions, they are more 
appropriately considered as urban regions. During 
1997-1998 ISIS, in collaboration with the group 
of Nobel laureate I. Prigogine at the Solvay 
Institutes for Chemistry and Physics (Belgium) 
developed COMPLEXCITY, a dynamic spatial-tem­
poral economic model, which integrates popula­
tion dynamics and migration patterns with so­
cial-economic drivers and environmental and 
transport dynamics. 
During 1999, we have attempted to estimate the 
model with real data. This exercise requires a con­
frontation with very inhomogeneous datasets, in­
cluding extreme conditions and "social depth" in­
formation, i.e. situations where aggregates do not 
behave like the sum of their parts, and where ex­
plicit hypotheses about their inter-relations may 
be tested. Thus we tested the collective dynamics 
assumptions of the urban dynamic model, and we 
made explicit the role of information. We focused 
on the study of impacts of the introduction of cen­
tralised information (such as the one stemming 
from Community policies) on fiscal policy (Figure 
6.20), job markets, spatial occupation, traffic and 
pollution, revenue structures, or concerning emer­
gent implicit co-operative behaviour [6.31]. 
Moreover, we reformulated a subset of the social-
economic model on the basis of an explicit ag­
gregation of microsocial dynamic interactions. 
Figures 6.20: Time evolution of market services in the various 
zones of Milan due to a move of fiscal load from the tax-payer 
to the enterprise over a period of 50 years (1975-2025). 
References 
[6.31] Guzzi R., Sanglier M., Sarigiannis D.Α., The city - a complex system, Proceedings of the 2nd Thematic School on Urban Modelling, CNRS, Nantes, 20-24 
September 1999. 
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Figure 6.21: Cold Climate technology: Human-machine interface measurements reveal interesting results. The seat-pressure sensor 
(upper corner) gives information about the driver position. Accelerating measurements (lower corner) can exceed 2 G, a possible 
explanation for frequent bone-fatigue fractures observed with snow-mobile drivers. 
Hence, it becomes possible to compare Monte Carlo 
simulations involving hazards linked to personal 
outcomes and rationales with the analytical predic-
tions of the macro-equations. This should provide a 
very useful tool for the identification of specific 
boundary conditions for individual behaviours that 
favour the appearance of desired macroscopic sta-
tionary structures. 
In addition, an exploratory study looked into the 
transfer of the urban modelling tools to the north-
ernmost areas of Europe and the Arctic. A rigor-
ous, structured approach to deal with the complex 
information load needed to analyze the dynamics 
of the interacting social, economic, and environ-
mental systems would allow the development of a 
northern intelligence information system. 
Moreover, it should provide a methodology to as-
sess the impact of regional development projects 
and policies locally. The data classes necessary for 
comprehensive regional sustainability assessment 
were identified and a regional development as-
sessment system was designed. A Web-based in-
terface to the Arctic Regional Intelligence System 
is currently under development. 
North Sweden-JRC 
Collaboration 
authors: C. Korn, S. Morris, M. Cuypers, J. Sanders 
When Sweden and Finland joined the European 
Union in 1995, one of the more obvious R&D areas 
to develop from the European perspective was the 
matter of cold climate and other arctic circum-
stances. Jointly with a group of research organisa-
tions from the Norrbotten region, the municipality 
of Kiruna and other North Swedish organisations, 
an extensive pre-study was performed to define 
collaborative projects for the development of the 
Kiruna/Norrbotten region [6.32,6.33]. The study 
recommends the following projects: (1) the TEM-
PEST Cold Laboratory to provide testing and quali-
fication services for technical equipment in cold 
environments, (2) an Euro-Arctic Methodological 
Training Centre which should become a centre of 
excellence on working and living in cold climates 
and (3) a Radar Imaging Service for estimating re-
gional snow covers and for ice field measurements 
in front of ice breakers. 
References 
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ISIS customers include many sectors from European industry, regional governments and other 
Directorates from the European Commission. On average about 25% of ISIS staff work was dedicated to 
competitive activities. The institutional work covers the institutional support to Commission services 
and exploratory research under the various themes of the European Union's Fifth Framework Research 
Programme. 
The three tables below show details of income and work executed during 1999. 
Table I shows the new contracts which have been signed in 1998 and 1999. 
Table II shows the competitive work executed in 1998 and 1999. 
Table III shows the institutional work executed on each line of the Framework Programme. 
From the tables i t can be seen that: 
• Previously set overall targets for contracts signed and work executed have been met and exceeded 
• The competitive work has remained at the 25% leveL 
• The termination of the Competitive Support to the Commission line has been compensated by the 
other activities. 
• The decline in signing shared­cost action projects was due to the start of the Fifth Framework 
Programme. Most new projects start in early 2000. New shared­cost action projects were signed for 
1.3 M€ during January 2000. 
Table I: New Contracts Signes 1998 and 1999. 
JJ'OT Contracts S,gn 
ι TñfflrMI in 
ι 1 
■ftfihifflfum 
Type of Activity ■.arM—JJHt. 
Competitive Support to Commission 
Other Competitive Activities 
Training and Mobility of Researchers 
Shared­Cost Actions (50%) 
Third Party Work 
8.48 
2.56 
0.48 
4.03 
0.99 
1.00 
2.00 
0.20 
0.80 
4.00 
1.04 
0.67 
0.00 
0.47 
13.33 
Total 16.54 8.00 15.51 
Table II: ISIS Competitive Work Executed 1998 and 1999. 
A e of Activity 
Competitive Support to Commission 
Other Competitive Activities 
Training and Mobility of Researchers 
Shared­Cost Actions (100%) 
Third Party Work 
6.94 
1.01 
0.40 
5.71 
2.11 
16.17 
5.0 
1.0 
0.5 
4.0 
2.0 
12.5 
5.50 
1.51 
0.62 
4.54 
1.79 
14.01 
Table III: ISIS Institutional Work Executed 1999. 
PUU wmrmmmr 
Security and reliability in the information society 
Safety of building structures and means of transport 
Safeguarding against the proliferation of nuclear materials 
Safety aspects of nuclear energy 
Fight against fraud 
Risk assessment and decision support 
27.0 
27.6 
75.0 
16.5 
17.8 
15.4 
6.74 
9.69 
16.60 
6.20 
3.98 
3.79 
Jbtaj_ .179,3. 47.00 
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Tel.: +39 0332 789021 
Fax: +39 0332 789049 
Papadopoulos, Ioannis 
Computational Mechanics 
joannis.papadopoulos@jrc.it 
Tel.: +39 0332 789373 
Fax: +39 0332 789049 
Pinto, Artur 
Computational Mechanics 
artur.pinto@jrc.it 
Tel.: +39 0332 789294 
Fax: +39 0332 785446 
Ribo, Oriol 
Animal Identification 
oriol.ribo@jrc.it 
Tel.: +39 0332 789476 
Fax: +39 0332 785145 
Paruccini, Massimo 
Decision Support Systems 
massimo.paruccini@jrc.it 
Tel.: +39 0332 789302 
Fax: +39 0332 789394 
Pirelli, Giuliano 
Voice Recognition 
giuliano.pirelli@jrc.it 
Tel.: +39 0332 785113 
Fax: +39 0332 789576 
Ruiz Morales, Emilio 
Remote Inspection & Teleoperation 
emilio.ruiz@jrc.it 
Tel.: +39 0332 789310 
Fax: +39 0332 789576 
Patak, Alex 
Image Synthesis 
alex.patak@jrc.it 
Tel.: +39 0332 789878 
Fax: +39 0332 785378 
Planas, Christophe 
Time Series Analysis 
christophe.planas@jrc.it 
I Tel.: +39 0332 786320 
Fax: +39 0332 785733 
Saisana, Michaela 
Complex Systems Modelling 
michaela.saisana@jrc.it 
Tel.: +39 0332 78 5172 
Fax.: +39 0332 785813 
Peckham, Robert Joseph 
GIS Applications 
robert.peckham@jrc.it 
Tel.: +39 0332 789297 
Fax: +39 0332 789394 
Portoni, Luisa 
Image Synthesis 
luisa.portoni@jrc.it 
Tel.: +39 0332 789878 
Fax: +39 0332 785378 
Saltelli, Andrea 
Sensitivity Analysis 
andrea.saltelli@jrc.it 
Tel.: +39 0332 789686 
Fax: +39 0332 785733 
Pedersen, Bent 
Passive Neutron Meas. Tech. 
bent.pedersen@jrc.it 
Tel.: +39 0332 789802 
Fax: +39 0332 785072 
Post, Wietse 
Accident Databases 
wietse.post@jrc.it 
Tel.: +39 0332 789896 
Fax: +39 0332 789156 
Sanders, Jürgen 
Marketing 
jurgen.sanders@jrc.it 
Tel.: +39 0332 789322 
Fax: +39 0332 785238 
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Sarigiannis, Dimosthenis 
Complex Systems Modelling 
denis.sarigiannis@jrc.it 
Tel.: +39 0332 785294 
Fax: +39 0332 785813 
Tarantola, Stefano 
Sensitivity Analysis 
stefano.tarantola@jrc.it 
Tel.: +39 0332 785639 
Fax: +39 0332 785476 
Weisshäupl, Horst 
Nuclear Safety 
horst.weisshaeupl@jrc.it 
Tel.: +39 0332 785585 
Fax: +39 0332 785584 
Schillebeeckx, Peter 
Neutron Measurement Tech. 
peter.schillebeeckx@jrc.it 
Tel.: +39 0332 785810 
Fax: +39 0332 785072 
Thornton, Michael 
Safeguards Calorimetry 
michael.thornton@jrc.it 
Tel.: +39 0332 785371 
Fax: +39 0332 785139 
Weng, Uwe 
Safeguards Instrumentation 
uwe.weng@jrc.it 
Tel.: +39 0332 785073 
Fax: +39 0332 785072 
Sequeira, Vitor 
3D Reconstruction 
vitor.sequeira@jrc.it 
Tel.: +39 0332 789017 
Fax: +39 0332 789185 
ft 
Theofili, Charikleia 
Natural Disaster Management 
chara.theofili@jrc.it 
Tel.: +39 0332 786076 
Fax: +39 0332 789007 
Whelan, Maurice 
Fibre-optic Devices 
maurice.whelan@jrc.it 
Tel.: +39 0332 786234 
Fax: +39 0332 786053 
Shepherd, Iain 
Modelling and Data Fusion 
iain.shepherd@jrc.it 
Tel.: +39 0332 789489 
Fax: +39 0332 785815 
-Cr 
Triacchini, Giuseppe 
Complex Systems Modelling 
giuseppe.triacchini@jrc.it 
Tel.: +39 0332 786374 
Fax: +39 0332 785813 
Wider, Hartmut Ulrich 
Nuclear Safety 
hartmut.wider@jrc.it 
Tel.: +39 0332 789767 
Fax: +39 0332 785815 
Solomos, George 
Transient Dynamics, LDTF Facility 
george.solomos@jrc.it 
Tel.: +39 0332 789916 
Fax: +39 0332 789049 
Vakalis, Ioannis 
Landmine Detection 
ioannis.vakalis@jrc.it 
Tel.: +39 0332 78 9117 
Fax: +39 0332 78 9576 
Wiegmann, Till 
Marketing 
till.wiegmann@jrc.org 
Tel.: +39 0332 789611 
Fax: +39 0332 785238 
Sorel, Fernand Laurent 
Reliable Information Technol. 
fernand.sorel@jrc.it 
Tel.: +39 0332 789411 
Fax: +39 0332 789185 
Van Wijk, Lorenzo 
Complex Systems Modelling 
lorenzo.van-wijk@jrc.it 
Tel.: +39 0332 786224 
Fax: +39 0332 785815 
Wilikens, Marc André 
Information Dependability 
marc.wilikens@jrc.it 
Tel.: +39 0332 789737 
Fax: +39 0332 789576 
Städtke, Herbert 
Numerical Process Simulation 
herbert.staedtke@jrc.it 
Tel.: +39 0332 789986 
Fax: +39 0332 785869 
Varfis, Aristide Victor 
Neural Networks Laboratory 
aristide.varfis@jrc.it 
Tel.: +39 0332 789748 
Fax: +39 0332 789098 
Wilkening, Heinz 
Gas Explosion Modelling 
heinz.wilkening@jrc.it 
Tel.: +39 0332 785181 
Fax: +39 0332 786198 
Steinberger, Ralf 
Language Engineering 
ralf.steinberger@jrc.it 
Tel.: +39 0332 786271 
Fax: +39 0332 789098 g^J 
Verzeletti, Guido 
Structural Assessment Lab. ELSA 
guido.verzetetti@jrc.it 
Tel.: +39 0332 789436 
Fax: +39 0332 789368 
Wilkinson, David R. 
ISIS Director 
david.wilkinson@jrc.it 
Tel.: +39 0332 789947 
Fax: +39 0332 789923 
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Wolfart, Erik 
3D Reconstruction 
erik.wolfart@jrc.it 
Tel.: +39 0332 785195 
Fax: +39 0332 789185 
Wolfler Calvo, Roberto 
Decision Support Systems 
roberto.wolfler@jrc.it 
Tel.: +39 0332 785429 
Fax: +39 0332 789394 
Worth, Brian 
Numerical Process Simulation 
brian.worth@jrc.it 
Tel.: +39 0332 789488 
Fax: +39 0332 785869 
Würtz, Jørgen 
Atmospheric Dispersion Modelling 
jorgen.wuertz@jrc.it 
Tel.: +39 0332 785367 
Fax: +39 0332 789394 
Zatdivar-Comenges, José 
Systems Modelling 
jose.zaldivar-comenges@jrc.it 
Tel.: +39 0332 789202 
Fax: +39 0332 785815 
Zeyen, Roland 
In-pile Experiments 
roland.zeyen@ipsn.fr 
Tel.: +33 44225-4638 
Fax: +33 44225-7078 
Zürn, Martin 
Digital Photogrammetry 
martin.zurn@jrc.it 
Tel.: +39 0332 785346 
Fax: +39 0332 786053 
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The 1999 AnnuaL Report of the Joint Research Centre's Institute for Systems, Informatics and Safety 
(ISIS) outlines the scientific achievements and gives an overview of the Institute's activities. This 
year's presentation highlights contributions of exploratory research. 
The themes covered are: 
• security and reliability in the information society 
• safety of building structures and means of transport and the protection of cultural heritage 
• safeguarding against the proliferation of nuclear materials 
• safety aspects of nuclear energy 
• fight against fraud 
• risk management and decision support. 
Editors: J. Sanders, T. Wiegmann 
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ISIS Annual Report 1999 


tn 
Ν) 
ISBN TE­flSÔ­TDET­S 
. * Λ * . UFFICIO DELLE PUBBLICAZIONI UFFICIALI 
* <§> * DELLE COMUNITÀ EUROPEE 
* 7 ^ * L ­ 2985 Luxembourg 
9 '789282"890295 > 
